HAM 4s Lak 
12 


Cd 


0 


F4 


— 


4 7 
2 


N,. 


. 


F 


{ 


HAM 4s Lak 
12 


Cd 


0 


F4 


— 


4 7 
2 


N,. 


. 


F 


{ 


ü. 25 SY 85 25 


8 'P E M 


| 0 F THE 


MATHEMATICS 


CONTAINING 
The Ev CLIDEAN GEOMETRY, Plane and Spherical 
Tzx160NOMETRY ; the Projection of the SeheRE, both 
* Orthographic and Stereographic, ASTRONOMY, the 
Us E of the Glos Es and NAVIGATION: 


The Manner of Computing the AF#puUtszs of the Moon to 

the Fixed Stars, and their Occultations by the Interpoſition of 

- Her Body, very uſeful for determining the Difference of Longitude 

between Places. With an Account of the ſeveral Ms trHoDg 
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of the Sun's Place, Rigbe Aſcenſion, Declmation, Equation of Natural 
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| Pole / Page 29 
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Two great Circles given by Poſition, forming, wit each. other a. 
Fier Angle, to draw. another great Circle chat [ſhall form two 
"Angles with 5 two given great Circles, equal. to two givon An- 
gles, each to each e aan . r given 
Angles be N than a Semi- Circle nt ae 


wg "SECTION 1. | 928 I 
"Domains a Demonſtration of * Aﬀetions 0 or properties of Sphe- 
* ical TIRES 0 " es AP 5 e 54 
— SECTION W. SY 
Coney AED. FI of ſeveral Theorems, TOE y called x- 


Tomy; for the Solution of ne Caſes of Right Angled Spherical Tri- 
. G x From Tae 54 to p. 7 


* 


. 
* 
©? 
. 
. 

* 


onſtration of the firſt N pee 
A Rensen of the ſecond Axiom ' % * 2 54 
- Vaxious Properties of Priced Triangles, deduced from the Bir | 
former Axiqms Dee 56, $7, 58- 
A Demonſtration of the Lord Nepers Theorem, for the Solution of 
1  Right-angled Spherical Triangles . | Page 59 


Directions for applying the ſame Theorem to practice Page 63 


SECTION V. 


Deine a — Variety of Sterographital: and This emu 85 
lutions of the fixteen Caſes of n Spherical Triangles 

From Page 64 to p. 120 
Viiieas ways of ConſtruRting the 61h Caſe of f Righr-angled Sphzrical 
| W en'y 1 10 1 n 


72 


- Rr "SECTION: VI. 
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256 
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ting, c. from the Latitude of the Place, &c. P. 459 
9 _—_ for finding the Time of the Riſing and Setting of the 
tal . P. 462 
To find what Stars never Riſe nor Set, which are viſible and which 
w inviſible. P. 463 
Various Examples of the ſame Caſe, p.464 


o find the Time of the Riſing and Set ting of the Moon 5467 

the Motion ot the Sun in — Ecliptic in the ſpace of 12 bours 

"will cauſe no ſenſible Error in computing the time of the __ 
and Ne P. 47 

The Method made uſe of by Aſtronomers for tinding the time of 
the Moon's Southing. 24 

To compure the Time when the Center of the Moon will Kiſe 

and Ser, by allowing for her Horizontal Parallax, or which is the 

ſame thing, to find when the Center of the Moon will arrive at 

0 the Eattern and Weſtern ſide of the ſenſible Horizon, 

71 

14 comp ute the time when the Center of tle Moon will Kitt or 


t, gin being had to her Horizontal Parallax, and * Ho- 
- rizontal Refraction. 472 


Ot what Uſe this Method of allowing for the Horizontal Parallax 
and Retraftion is iv computing the time of theRifing and Setting 
= bs 'Eptninaries. | P. 473 

find when any Star will * pon the Six a Clock Hour 
IF and what will be its Height and Azimuth at that t ma, 


P. 473 
Va- 


* c N T E N D 8 
Vatiou Examples of the ſhine Ce. 
To find at what time any Star will pp wen tung 5h vt 
and what will be irs Height at that time.” 6 9003:gf 
Several Examples of tho ſame Caſe. {11 10 88 10 8 
To find the Hour of the Night, ard lum of rh 


X 


Latitude of the Place, Oc. + 255 
| Several Examples of the ſame Caſe- 
The Uſe of the two former Caſes. 
To find the Longitude of the Mid Heaven 204 N e 24 1 


Poigrs of Ecliprics ate Riſing! Setring, GC + - ah Lia 
To find the Coſmical and Achronical Riling and getting A 
ed Star, Cc. uſually called the Poetical Riſing — Sering, 


c: 

How from the pe 1 oy of kl, 25 or any Planer 797 
compute the Parallax in Altitude e tbe Paralta: 
in Longiwde ond Latithde, Err. mT 211 85 Wees . 4 8 
How trom-the Parallax in Altitude to bad the Diſtance of the, 

Planet from the Farth and the contrary. © | 1 499 
Of what Uſe the Parallaxes are. 70 

| les in the various Caſes for fading the Paraft 

nnd Latitude from the Horizontal ig oh 1 

How to find the time when the Moon All Cater ng Eclipſe 

Fixed 3 = mm ug Zodiac. © 9.0 

2 the firſt, of the Moons cayering 2 Fixed Star In the. Fore. 

of che Whale: on the 23d of ber 7 An nothar Ex- 
5 of the Occultation of the South Hom of the” Byl/ by the 

TE fant Groaned in dem MT 9. 

he Uſe of theſe Occultations in letermin t 
Longitude between Place. ing be Diſh * 


How the Beginning, Middle, and End of à Solar bail, 
may be determined 


An Account of the Aﬀtronomicil Works of the late N Mr. 
FramsTEsD the King's Aſtronomer. 5. 
A Table containing the Right Aſcenſions, Declinations, Long 
and Latitudes of above 60 eminent Fixed Stars, deduced from the | 
Flamſteedian Obſervations, and fitted to che Year 11726. 


The Laticades: ongitudes, Right AltehBichs and Doclinatiom 62 


| four remarkable | therm Stars, Ay called the Gofiers, 
| ; P. 310 


Corr „ 
A Table ſhewing the Latitudes and Longitudes of the princi- 
al Harbours, Headlands, Iſlands, and Cities -* the 


orld Rt N 321 
A Table of Logarithims, from x to x | . 


A Table of Sines, Tangents and Secants 
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F the Semicirale- POS be (nw — upon its 
Diameter S (the Diameter P & remaining fixcd 
as an Axis) until it return again to the Place 
from whence it began to move, each Point as Q, 4, 
ce. will deſcribe the Circumference of a Girole, 
= whoſe Radius or Semi- diameter is Cq, cq, &c. and” 
the Arch P 4245S, will generate the Surface of a Sphere. 125 
And ſince the Radij or Semi-diameters of 
the ſeveral Circles deſcribed by the Points 
, &c. are as.the Sines of the reſpective 
Diſtances of the Points „Kc. from the 
Points P and S, and thap e Ladius or Semi- ; 
diameter C, "of the Circle generated by tbe 
Point ©, the Sine of go Degrees is the great-  +- 
_ eſt of all the Sines, it follows, - that the Circle 
generated by the Point Q, is the : grelteſt of 
all the Circles deſeribed Wor the Axis PCS; 2 | 
and inaſmuch as this Circle divides the Sur- | . 
face of the generated Sphere into two equal . —» - 3 
4424 | part 


— } - 
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parts, becauſe the Point Q divides the Arch POS equalfy. Hence 
it is, that every Circle that divides the Surface of Sphere inc | 
two parts is called a great Circle. „5 
Again, becauſe the ſeveral Circles deſcribed by the Points , 4, &c.“ 
become leſſer and leſſer as the Points 3, 4, approach nearer and near- 
er to the Points P. and S, but yet retain their Paraleliſm one to ano- 
ther, and to the great Circle deſcribed by the Point Q; and foraſ- 
2 much as each of theſe divide the Surface of the generated Sphere into 
_. two unequal Parts, becauſe the generating Points q, q, &c. divide 
* the Arch P QS unequally. Hence it is, that every Circle that 
N ' Surface of the Sphere divides into two unequal parts, is called 
a_ Leſſer, Parallel, or Small Circle. * 38 
The two Extream Points P and S of the Axis PS, about which 
the Semi- circle is ſuppoſed to revolve, are called the Poles; and 
ſince each of theſe Points are equally diſtant from every Circle de- 
ſcribed by the Points Q, 7 Þ &o. Hence it is, that that Point 
Y upon the Superficies of the Sp ere which is every way equally di- 
3 _ from any Circle deſcribed upon it, is called the Pole of that 
ircle. * by, . | | 
- Hence it is, that every Circle whatſoever, deſcribed upon the 
q Superficies of the Sphere has two Poles ; and ſince every ſmalt Cir- 
ale is equidiſtant from ſome one great Circle, it follows, ö 
That the Poles ot every Small Circle are the ſame witch the Poles 
ol that Great Circle to which they are parallel Wherefore, 
| All, Small Circles parallel to each other, have the * common 
N . 1 General Definition 


* 
| © + Conceive the Eye plackif ſome where in the Superficies of the 


- 


27 Globe, and at the ſame time @ Plane to cut the Globe, and to 

: ſtand at Right-anglesto the Line connecting the Centers of the Globe 

. and Eye, it infinite * Lines be imagined to flow from the Eye, 

4 to every Point in the Circumference of every Circle deſcribed upon 

F.- - the Spherical Surface, they will trace out upon the cutting Plane, 
F.  whatwe call a Stereagraphic Projection of the Sphere. 

; b W Whenceand from the preceding it follows, 1 

- 1. That the Eye is placed in one of the Poles of that Circle thro? 

1 which the Plane paſſes, and upon which the Projection is to be 


— — 
ſotmed, which for diſtinction fake we call the Plane of the Projeftion, - 
alſo the Pole oppoſite ro the Eye we call rhe remoteſt Pole. WV 


2. Thar the Pole when Projected falls in the Center of the Plaxe of 
Projection, 8 * a 0 ö a 
That all Great Cireles which interſe& each other in the Eye 
Polit (maſmnch as they he in the fame Plane with the Eye, and that 
the common interſection of two Planes is a ftreight Line) will when 
Projected, become Right Lines, interſecting each other in the Cen- 
ter or Pole of Projection. -of | | | 
4. That the Poles of every ſuch Great Circle will be found in the 
periphery of the Plane of Projection, at the diſtance of 90 Degrees 
or a Quadrant, from either Interſection of the Great Circle, with 
the Periphery of the Plane of Projection · 
5. That every ſmall Circle which paſſes thro' the Eye, will be re- 
preſented in the Projection by a Right Line, at Right Angles to that 
rojected Great Circle which paſſes thro the Eye, and cuts the Great 
| Circle to which the Small Yltele is parallel, at Right Angles. 
s Thar the Lines flo rom the Lye to the Circumference of 
every other Circle will fſotm 4 Conical pres, and in order to 
te into the Nature and Properties of theſe Circles when projec- 
ted, it is neceſſary to premiſe the following Lemma's. 
© * a 


Ita Right Cone ABC (or ſuch a Cone 
whoſe Axis AF ſtands at Right Anples 

to its chr Baſe BGC) be cut by 2 
Plane parallel tp the Baſe. of 
the Cone 'BGC; the on DIE, 
made in the Superficies of the Cone, 
will be the Circumference of a Circle 
whoſe" Center will be found in that 
Right Line A, which connects the Ver- 

c — and Gentet F of its 


A aaa 2 Let 
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Let the Cone be cut by a Plane thro the Axis AF, then will the- 
common Interſection of this Plane, with the Plane DIE parallel to 
the Baſe BGC, be the Right Line DE ; which Right Line DE will 


-— 


 -x6thiof Part the 14k) ) W. W D. 
vhoſe Axis does not ſtand at Right-al 


2 


— 


* 


be parallel, to the Diameter of the Baſe of the Cone BC, and both will 


lye in the ſame Nane ABC ; theretore (by Prop. the 18th of Part the - 


14). it will be, as AF: FB:: AH: HD; andas AR: FG: +: AH: HE. 


will be, as FB: N:: HD : HE; but M is equal to RB, therefore 


8 HD is equal to HE. Again to any other Point as G, in the Circum- 


ference of the Baſe ot the Cone, from the Vertex. A4, draw the Right 
Line. 4G; this being, in the Superficies of the Cone, ſhall cut the 


Plane thro DIE ſome where as in I, and draw; H, which will be 


parallel to V, and in the fame Plane with it, therefore; as AF: 


G:: AH: HI. Therefore, whereas, equal to FB is equal to 


FC, Hl equal to HD is equal to HE; and the fame will hold good 


wherever the Point Ttalls, wherefore the Section DIE will be the 


Circumference of a Circle, and H its Center -(by Def. the Iq th and 
. a Cot 


If the Cone ABC had been a Scales 


tion made in. the Superficies of "this Cone, cut by | 
rallel to its Baſe, will be the Circumſerence of a Circle, as is evident 
from the preceding, Ds n 


- = 
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Hence and from the General Definitionſſx follows, 


I. That all Small Circles parallel to the 
Plane of Projection will become Circles in 


„* 
„ , 


„ 


-; | Circle parallel to the Plane of Projec- 
tion ab, becauſe the Line e p drawn from 


3 > 
—- 
*7 : p 

LEST. 


{{-.; +100" org, made in the Superficies of this 


TT n: - 
14 To ud AF | 


Shih | K-53, 
let ecxepreſent the Eye, m dun any 


; Wherefore, (by the 13 th and 11th of Prop. the th, Part tha iſt) it 


sto its Baſe, yet the Sec- 
„being cut by a Plane pa- 


* 
ge 6 the Vertex of the Cone, to p, ſtands at 
Rightrangles to the Plane du, the Sec- 


of a Cirels by the former Lemma. 


2. That they will all have one common Center, vis, the. Center 
9 | 


or Pole ot Projection. 
2 : 


bg 


.- 
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For ſince the Center of eyery parallel Circle will be found i in, 
the Axis of the Cone ep, their common Repreſentation in the Plane 
of the Projection will be in the Point 4 the Center of the Projee- 


z. That thelveomman 9 mn. the Center. of the Proje&tion. 
will be their common Pole. 

For the Axis of the Cone which connects the Eye at e and p, their 
common Pole, cuts the Plane of Projection in c the Center.. 

4. That their Radius s or Semi- diametegs, will be equal to the 
Semi- tangents of their diſtances from Ae reſhoteſt Pole of che Pro- 
jection. 

For, becauſe the Triangle enn is the Section of the Cone thro”. 
the Vertex and Center of its Baſe, therefore 0q iS the Diameter of 
the Circle to be piSjcacd en equal to oc its Radius or Semi- 
diameter, is the Tangent öf the Angle ce q equal to half the Angle 
pen, eqhal to the Auch pn, the diſtance of the * Circle m d n, 
to be 1 rom P. the Jorge Pole.” 


Ik a Scalene Cone ABC, be cut © by A= 2 
Plane ZHG1, not parallel to the Baſe, yet 

ſo that it cuts off a part AFG, ſimilar to 
the whole, the Seaton FHG made in the 4 
Superficies of the Cone, will be the Cir- 


cumfe rence of a Circle, 4 


| . Thro' any Point J, of the Line FG, or 
common Interſection 0 the ws * 2 65 i 
ABC and EHE. Let the Cone be cu . | 
a Plane DHE, parallel to the Baſe ofthe —— 
Cone BC, chen wilb the Section DEE le | 
2 Circle by the firſt Lemma; and HT the common Intersection ofthe: 
two Planes DH and FHG be perpendicular to the Lines DE and 
V, and becauſe the Triangies A, ABC, and ADE. are ſimilar, 
the Triangles GIE, and BF are ſimilar, ( for the Angles G, IF 
are equal, as are che Angles GM and D therefore, as G I: LE 
15 ecberefore, GIF IE NID, but becauſe E is in the: 


Circumference ol the Circle DHE, and IH ** E, 


ren 


ice Stereggrapbit 
| therefote Hf IE, and conſequently FTI C= H; therefore 
H is in the Circumference of 4 Circle has — Been: FG, and 
this will hold good in whatſoever part of the Line FG the Point 7 
be taken; wherefore the Section H made in the Superficies of 
the Cone, will be the Cireumſerence of a Circle. W. W. D. 
ks | 5 Whence it follows, EOS 
I. That all Circles whatſoever, (except ſuch as lye in the ſame 
Plane with the Eye, which have been already conſidered) tho” they = 
ax re not parallel to the Periphery of the Plane of Projection, yet be- 
EN” | _ | 7 We 


— — 7 8 4 
For, let e repreſent the Eye, ab the Plane of the Projection, p 
its remoteſt Pole, and mz the Diameter of the Circle to be Projec. a 
ted; then will the Triangle enm be the Section of the Cone, thro? 
the Vertex and Center of the Baſe. f . 
Thro' » draw ur el to ab, then is the Angle £90 equal to 
eur (by Prop. the 5th Part the iſt) equal to e ma y Cor. the 2ſt of 
Prob. the 12th Part the xt) and the Angie ne 1 common tothe Tr. 
angles ze m and oe 9 ; therefore the Angle em is equal to v, (by 
S 9 85 the 


Projection of the Sphere. 
the 2d Cor. of Prop. the 6th Part the rſt) and the Triangles ex and 
709 are fimilar, (by the 28th Def, of Pare the »it) bur ſubcontrarily 
placed, wherefore (by Lemma the 2d) if nm be the Diameter of a 
Circle deſcribed upon the Superficies of the Sphere, o ſhall be the 

Diameter of a Circle, and its Repreſentative upon the Plane of the 
Projection a6. > | 3,94 

2. That the Center and Poles of every Great Circle will be 
found in that Diameter when projected, which connects the two 
Interſections of the Circle to be projeged, and a Great Circle pa- 
ſing thro the Eye, and cutting the Peripheſy of the Plane of Pro- 
jection at Right Angles, or which is the ſame ia the Repre- 
ſentative of that Great Circle which cuts the Ci d be projected, 
and the Plane of the Projection at Right Angles. 

Thus in Fig: the If, the Center ind Poles of the Great Circle 
me will be found in og, the 8 of the Diameter m 

whei projected, which connects the two Intetſections n and mn, of 
the Great Circle nc to be Projected, with the Great Circle pnbe, 
ma, which Great Circle px bem a paſſes thro? the Eye, and euts the 
Circle nem to be projected, and the Periphery of the Plane of Pro- 
jection at Right Angles ; which projected Diameter for Diſtinction 
ſake, I call the projected Axis or Line of Meaſures. | : 

3. That every Small Circle wilf have irs projected Axis in that. 
Line, in which lies the Projected Axis of the Great Circle to which 
it is paralle . A Fo | 2 

4. That the Semi- tangents, of the greateſt and leaſt diſtances of 
any Circle from the remoteſt Pole of Projection, ſer off on the ſame 
or contrary ſides of the Center of the Pfojection, as ehe Caſe directs, 
will give the Interſections or Extremiries of the projected Axis. 

5. That the Projected Diameter or Axis of every Great or Small 
Circle, within which the Pole of Proje$tion lies, is equal to the 
Sum of the Semi- tangents of the greateſt and leaſt diſtances of that 
Circle from the remoteſt Pole of the Projection; thus, in Fig. the 
1f and 2d, 0q the projected Diameter or Axis of the Circle x m, is 
equal to the Sum of oc and cq, the Semi-tangents of the Arches 
mp and pn, the greateſt and leaſt diſtances of that Circle from p, 
the remoteſt Pole of the Projectio g. 

6. That the Diameter or Proceed Axis of every Small Circle, 
without which the remoteſt Pole of Projection lies, is equal to the 
difference of the Semi- tangents of the greateſt and diſtances 

2h | of 
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of that Circle from the remoteſt Pole of the Projection; thus, in 
Fig. the 3d, oꝗ the projęcted Diameter or Axis of the Small Circle 
mu, is equal to the difference between c and co, the Semi-tan- 
gents of pz and p m, the greateſt and leaſt.diſtances of that Circle 
from p, the remoteſt Pole of the Projection. "a 8 


7. That of the two Poles of every Great Circle, and conſequently 
df all Small Circles parallel to it, that which falls within the Plane of 

the projection, will be found in the prejected Axis, diſtant from the 
Center of the Projection, by the Semi tangent of the Complement 
of the neareſt diſtance of that Cirele from the remoteſt Pole of thle 
Projection; thij Ng. the 7ſt, d the Pole of the Circle ꝝ m, is di- 
ſtant from the ¶ M of the Projection by the Space of dc, the Semi- 
tangent of the Arch *, the Complement to a Quadrant of the 
Arch p», the neareſt diſtance of the Circle n n, from p the remoteſt 


Fole of the Projection. 88 1 


* 
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8. That its ather Pole will be found in the projected Axis, on the 
contrary ſide of the Center of the Projection, diſtant from it by the 
Semi- tangent of the projected Circle's neareſt diſtance, to the re- 
moteſt Pole of the Projection increaſed by a Quadrant; thus, in 
Fig. the iſt, the exterior Pole f of the Circle nn, 1s diſtant from the 
Center c of the'Prayzection, by the diſtance of + the Semi-rangent 
. of p, the nearelt diſtance of pn, of the projected Circle from the 
. remoteſt Pole p, of the Projection increaſed by a Quadrant, or 
N 
p. By Cor. the th we are taught, how to ſind the interior Pole of 
any projected Great Circle, and conſequently of ail Small Circles 
parallel to it, by ſetting off the Semi- tangent of the Complement of 
its neareſt diſtance from the remoteſt Pole of the Projection, in its 
projected Axis, from the Center of the Projection on the contrary 
:\ide to that in which the projected Circle falls. n 
10. By Cor. the 8th we are taught, how to find the exterior Pole 
of any Great Circle, by ſetting off the Semi-tangent of its neareſt 
diſtance from the remoteſt Pole of the Projection, increaſed by a 
Quadrant in N Axis from the Center, on the ſame ſide in 
which the projected Circle falls . WOO e OT e 
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Projection of the Spberr. 
It has been ſhewn in Cor. . 
that if n be the Diameter of | | 
a Great Circle deſcribed upon ” 
the Superficies of the Sphere, 0 
that o ſhall be the Diameter 
of its Repreſentative upon the 
Plane of Projection. 


ay ; af, wi | S . 

Let 0q be biſected in z, and draw ⁊ e, then will z be the Center 
of the Great Circle to be projected, and its Raqyus ⁊ e equal z , 

equal to ⁊ o; becauſe ⁊ e is equal to z o, the Angle z eo is equal 
to 2. Oe (by the 4th Cor. of Prop. the 2d, Patt the iſt) equal to the Angle 
ce (by the 4th Cor. of Prop. the 18th Part the 1ſt) for the Triangles- 
0eq, ge, are ſimilar) equal to halt the Angle p cx (by Prop. the 1 1th 
Part the 1ſt) wherefore the Angles oez:+ceq are equal to pc, and 
conſequently the Angle z e c equal to 1, (by the 3d Axiom) now 
becauſe the Angle ⁊ ce is a Right Angle, ⁊ c will be the Tangent, and 
de the Secant of the Angle z ec equal to nc, the Complement of 
the neareſt diſtance of the Great Circle x cm, to g; the remoteſt Pole 
of the Projection, or Inclination of the Plane of the Great Circle to 
be projected, to the Plane of Projection, to the Radius ce. 

12. Wherefore, if the Semi- tangent of the Complement of the 
neareſt diſtance of any Great Circle to be projected, from the remo- 
teſt Pole of the Projection, be ſet off from the Center in the Plane of 
Projection, in the projected Axis of that Great Circle, on the con- 
trary fide of the Center to which the projected Circle falls, it will 
give the Center of the Circle to be projected, and the Secant of the 
{ame diſtance will be its Radius or Semi- diameter. 3 

13. Let mn be the Diameter of any Small Circle deſcribed upon the 
Surface of the Sphere, cutting the Plane of the Projection at Right- 
angles, or which is the ſame thing, whoſe Poles & and à lie in the 
Periphery of the Plane of Projection, then will o ꝗ be the Diameter 
of its Repreſentative upon the Plane of Projection ab; biſect o in 
x, and draw z m, and mc, and #2 q, then will x be the Center of the 

Small Circle to be projected, and z m equal to z 9, its Semi-diame- 
ter. Becauſe c m is equal to c e, the Angle c me is equal to c em, (by 
Cor. the 4h, Prop. the ws) a” uf) equal toi c q n (by Cor. the 4 


/ 
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2471 9D of Prop. the 6th Part the 
- 23K) for the Angles co,, 
mog; alſo eco, and 
omg, of the Trangles 
eco, and omg, are e- 
qual) equal to m x, for 
2 2 and 2m are equal, 
/ therefore, whereas the 
Angle omg is a Right 
Angle, the Angle cm x 
ſhall be a Right Angle 
alſo, wherefore M is 


„ 8. one fu | 
the Tangent, and'ez the Secant of the Angle m cb, or Arch mb, 


the diſtance of the Small Circle: mon, to be projected from its 


Pale &, to the Radius cm. | 


14. Wherefore, if the Secant of the diſtance of any Small Circle 
which cuts the Periphery of the Plane of Projection at Right-angles 
from its Pole, be fer off from the Center of the Projection on the 
fame fide on which the Small Circle falls, it will give the Center 
of the Circle to be projected, and the Tangent of the ſame diſtance 
will be its Radius or Semi-diameter. 0 8 


Prop. I. 4 Theorem | 
In Stereographic Projeftion, the Angles made by the Circles on the 


Surface. of the Sphere, are equal to the Angles made by their Re- 


preſentatives on the Plane of 
the Project isn. 
Bauppoſe the Eye at e; pro- 
jecting the Spherical Angle 
tm b, upon the Plane ac at 

Right- angles to the Plane ap 
be at the Point 3, I fay the 

Angle d is equal to the An- 

gle ru, equal to the Angle 

and, made bythe two Planes 
pndb and aun. 


From 


— 


Projection of the Sphere. ih 


From the Angular Point n, draw 2d and ns, tangents to the 
two Circles nb e and tm. | . | % a 
Becauſe the Planes act and d are both perpendicular to the 
Plane of the Circle ap be by Conſtruction, their common Interſec- 
tion ds, will be perpendicular to the Right Line ac continued, and 
| conſequently the Angles q4s, and xd s are Right Angles. 
XZ < From x draw um parallel to 46, and joyn the Points e and m, 
| then will the Angle due be equal (by the 7th Cor. of Prop. the 11th 
Part the 1ſt) to the Angle ame, equal Cor, the 4th of Prop. the 2d 
of Part the 1ſt) to mẽ& equal to (by Prop. the '5th Part the 104. to 
19 d; therefore is ꝝ d equal to d , whetefore in the Triangles n d, 
4d are nd equal to 9d, the Angles nds and 44s are Right, and 
the ſide ds common, wherefore (by the 2d Prop. Part the Iſt) the 
Angle 594 upon the Plane of the Projection, is equal to the Angle 
td made by the two Planes, forming the Angle tub upon the 
Spherical Surface, which was to be Demonſtrated. 


Prop. Il. A Theorem. 


f two Circles ca h and b ag interſe& each other in the Point a, 
the Angle g ah formed by them at their interſection, ſhall be equal 
to the Angle bac made by the Radij | p | 
4b and ac, drawn to the Point of In= © \ 
terſection a. 81 


Conſtruction. To the Point of Inter- 
ſection a draw fa, a Tangent to the 
Circle ga h, and da a Tangent to the 
Circle hac. 7 


Dem. Becauſe the infinitely ſmal! 
Portions of the Circles g 4 6 and ha c, 
do coincide with the Tangents fa and _ + 
da, and conſequently have the ſame Direction, therefore the curved 
Lined Angle g a h formed by the two Circles, is equal to the Right- 
lined Angle a d, formed by the Tangents fa and da; and becauſe 
che Angle fab is a Right-angle equal to the Angle dac, take a- 
way — . the 1 _ 7 d, and there will remain 
the An ac equal to the 4 ual to the Angle g a 5 
which — to be Demonſtrated. 7 | 1 * : 
| | Bb b 2 | Hence 
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Hence and from the preceding Propoſition we are taught how to 
Project any Great or Small Circle, from the conſideration of the 
Angle that the Plane of the Circle to be projected, forms with the 
Plane of the Projection, or with the Plane of any other projected 
Great Circle. N "45-18 A pr 


1. Suppoſe it were required to 
project the Great Ciscle ad b, 
that ſhall form a given Angle 
wWeth the Periphery of the Plane 

n te he een. 


It has been already ſhewn, 
that the Centers of all Great 
Circles paſſing thro the Points a 
aa andb, ſhall be found in the Right 

| Ill. ine mde produced. Wherefore, 
Draw the Line an forming an Angle with a c, equal to the given 
Angle, where this Live cuts mdcgq, as in u, will give the Center. 
Becauſe the Angle ac is a Right- angle, c will be the 735 un 
of the Angle can, and an the Secant of the ſame Angle; wherefore, 
if the Tangent of the Angle that any Great Circle forms with the 
Petiphery of the Plane of the Projection, be ſet off in its projected 
Axis, it will give the Center of the Circle to be projected, and the 

Secant of the ſame Angle will be the Semi- diameter. Again, 
— nn 6 2. Suppoſe it wererequi- 
red to project a Great Cir- 
cle, that ſhall form a given 
Angle . with the -projected 
Circle a db, conſidered. as 
the Periphery of the Plane 
of a Projection. Thro' x the 
| 3 Center of the given Great 
: \ 7 Circle ad 6 p, draw g, 

2 


"i 


Kight- angles to d p, becauſe 
all Great Circles that paſs 
thro the Point d, of the Circle 

t inge ec che Fe. 

Hs 154 DIST .t-. _ riphery of the ſame Circle, 
„ , e 1599 Auk 1 e 8 

5 ; | Sis | 4 * 0 
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of a Semi- circle from the Point d, therefore the Center of the Citcle 
to be projected, ſhall. be found ſomewhere in the Line x s. 
Thro' the given Point 4 draw dx, forming an Angle equal to the 
given Angle, where this interſects the Line x as in z, it will give 
the Center. | * 
Becauſe the Angle dn is a Right-angle, z n will be the Tan- 
ent, and A z the Secant of the Angle x du, to the Radius du. | 
Wherefore, if the Tangent of the Angle that any Great Circle 
forms with the Great Circle a 46, be ſet off in the Line z s, from u 
the Center of the given Circle, jr will give the Center of the Circle 
to be projected, and the Secant of the ſame Angle will be its Semi- 


diameter to the Radius dz, of the Circle firſt given. 
> m 
P 


3. Suppoſe it were required to project a 
Small Cirele, that ſhall paſs thro'the Point 
a, at the diſtance of p a from its Pole, and 
ſtand at Right-angles to the Periphery of > MY 


the Plane of the Projection z p 0. - | 9 
Prom c the Center of the Plane of the " 1 
Projection, to a the given Point, draw | / tl 
the Line c a, and at Right-angles to it the 1 
12 


Line am, where this interſects the Line 

nc p, paſſing thro' p the Pole of the Circle to be drawn, it will give 
the Point n, the Center of the Circle to be projected. | 
Becauſe the Angle cam is a Right-angle, a m will be the Tan- 

gent ofthe Arch'p a, the diſtance of the Small Circle a from its Pole 
p, and cm the Secant of the ſame diſtance to the Radius c a or c p. 

Wherefore, if the Secant of the diſtance of any Small Circle (that 

cuts the Plane of the Projection at Right- angles) from its Pole, be fer 
off in its projected Axis from the Center of the Plane of Projection, 
it will give the Center of the Cirele to be projected, and the Tan- 
gent of the fame diſtance will be its Semi- diameter. Again, 
4. Suppoſe it were required to project a Small Circle that ſhall 
paſs thro* the Point a, at the diſtance of q#, from its Pole 3, and 
4 _ at Right angles to the Plane of the projected Great Cir- 
cle aq Pee Lees | | 


: « | L 4 * - | 2 
1 * f a 0 9 
= - k : 
= &» 4 * * | 3 I * 9 rom 
- - 5 
* E . * : 


be its Semi- diameter. 
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From m the Center of the given Great 
Circle to u, draw the Right-line n u, 
and at Right angles to it the Line x o, 
where this interſects the projected Axis 
dp, of the given Great Circle as in o, 
gives the Center of the Circle to be 
projected. 1 

Becauſe the Angle oxm is a Right- 
angle, mo will be the Secant of the An- 
gle mu, and ox the Tangent of the 

| {ame Angle to the Radius mn, ot m4, 
of the Circle 25; wherefore if the Secant of the diſtance of the 
Point x from its Pole q, be ſer off from m the Center of the gi- 
ven Circle in its projected Axis to o, it will give the Center of the 
Circle to be projected, and the Tangent of the ſame diſtance will 


And ſince the Angle formed by the Interſection of the Planes paſ- | 
ſing thro' any two Great Circles, is the ſame with the Inclination of 
the two Planes, and this being meaſured by an Arch of a Great Cir- 

cle, intercepted between the two Planes, at a Quadrantal diſtance from 
the Interſection of the Peripherys of the two Circles, which Arch of 
Meaſure is ever equal to the Complement of the neareſt diſtance, of 
the Periphery of one of the Circles from the Pole of the other, as 
any one may readily apprehend, it will be eaſy from what has been 
ſaid, to project any Great or Small Circle, that ſhall paſs thro' any 
Point taken ar pleaſure, in any given projected Great or Small Circle, 
with any poſſible Conditions, and from any poſſible Data, as the 
Reader will ſee more at large in the next Se&ion. 


Prop. III. 4 Theorem. 


If the two remoteſt Poles P and N, 
of the two Great Circles HO and A ©, 
be connected together by the Right-line 
PN, and about this Right-line as a 
Diameter, a Small Circle PBDN, be 
deſcribed upon the Surface of the Sphere, 
the Arches BO and 4, of the two 
Circles HO and AD, intercepted between 
the Great Circle Z ON, paſſing 
thro* the Poles P, N. S, Z, of the * 
| CIES 


9 


- * * a . 
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cles HO and AQ, and the Small Circle PBDN will be equal one to 
another, alſo the Arches bo and 49, of the paraltels po and aq, 
equally diſtant from the Poles Z and N, contained between the 
Small Circles PBDN, and the Great Circle ZONH, will be likewiſe 
equal one to another. | 
For becauſe PQ is equal to NO, and the Arch O O common, 
© therefore is the Arch PO equal ro N @ (bythe 3d Axiom) again, 
= becauſe the Arches PD and N of the Small Circle PBDN are e- 
qual, and the Arch DB common, therefore is the Arch PB equal to 
ND (by the 3d Axiom) and the Angle BPO equal to DN, it being 
rhe Inclination of the two Planes, therefore the Triangles OPB and 
ON? are equal, and conſequently the Arch BO is equal ro DO. 
After the ſame manner may the Triangles Pbo and Nag be proved 
equal, and conſequently the Arches 4% and 4 of the Small Circles 
Hbo and ad q equal one to another, L 
It the Small Circle PBDN, infinitely extended every way fromthe 
Center, be carried about upon this Line PN as an Axis, the common 
Interſection ot this Plane with the Surface of the Sphere will always 
be a Circle; and becauſe the Arches PO and N © always remain 
the fame, and the Arches PB and M are conſtantly equal between 
_ themſelves, and the Angle BPO is continually equal to the Angle 
DN, each being the ſame with the Angles formed by the two Planes, 
it follows that the Arches BO and D, AD, and HB, of the Great 
Circles (HO and A©) and the Portions bo and dq, ad and hb of the 
Small Circles (ho and aq) intercepted between this Plane (in all its 
various Scituations) and the Great Circle (ZONH) will be equal one 
to another ; alſo the Arches DD and BB of the Great Circies, and- 
the Portions dd and h of the Small Circles, intercepted between- 
this Plane in any two different Scituations are equal each to each. 
Cor. Whence ir follows, that if from P the Pole of any projected 
Great Circle CDADE, two Right Lines as PDB, PDB, be drawn, 
they will cut off Arches HB, HB, in the Periphery of the Plane of 
Projection, equal to the Arches DA, AD, in the projected Great Cir- 
cle, intercepted between the Lines PB and the Great Circle PZ QO; 
alſo an Arch DD of the projected Great Circle EDDE, equal to 
the Arch BB, of the Periphery of the Plane ot the Projection inter- 
cepted between themſelves. _ 
In the following Figure, let HCOE repreſent the Plane of the Great 
Circle HCO projected, the Eye being placed in N, then will the Line F 
| | NP | 
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B Lf 
f . equal to the Semi-tangent of 


J D 5 | the Arch x; and becauſe the 


50 Ny in the ſormer Figure, be 
proj ected inthe Point P in this 
| ek at the diſtance of zp, 


- B 


"and p A Small Circle deſcribed about 

K D o the Line NP in the former 
I * . as Figure, pales thro' the Eye 
| Cl War's at N, it will be repreſented 
A - 12 7 | in*this Figure by the Right- 

| Line PD infinitely extended 


2 both ways, (by the 57% Cor. 
"= e the General Definition) alſo 
. | Fa | the upper Semi-circle of the 
Great Circle HZOMN in the former Figure, will be repreſented by 
the projected Diameter O Hin this Figure; wherefore by the pre- 
ceding Propoſition, the Arches DA, AD, of the projected Great 
Circle CDADC, will be equal to the Arches BH, HB, of the Peri- 
phery of the Plane of Projection, and conſequently the whole Arch 
DD of the projected Great Circle, will be equal to the whole Arch 
=_- BB, of the Periphery ot the Plane of Projection, cut off by the 
_ two Right Lines PDB, PDB, drawn from P the Pole of the Circle 
| 4 CDADE., thro' the extremities D, D, of the Arch DD. W. W. D. 
1 Alſo for the ſame Reaſon the Arches bh, hb, and 46, of the 
Small Circle 4 hþ parallel to the Plane of Projection, cut off by the 

\ i | Right Lines PB, PH, PB, are equal to the Arches da, ad, and dd, 
- | of the Small Circle 4a d, (which is parallel to the projected Great 


Circle CDADE, and as far diſtant from its upper Pole P, as the given 
Parallel is diſtant from the under Pole M cut off by the ſame Right 
Lines PB, PH, PB 55>. 8 

If to aſſiſt the Imagination, the Reader conceives the external Por- 
tions of the infinite Right Lines PB, PH, PB, to return again, and 

unite in the Pole or Center of the Projection Z, he will readily ſee 
the Reaſon of this whole Corollary without the Aſſiſtance of the form- 


er Demonſtrationn. 


. Gt nen es i ne 
Prop. IV. 4 Theorem. . 
If the twoſneareſt Poles N and &, of the two Great Circles ' HO, 
40, be connected together by the Right Line NS, and about this 
Right Line as A Diameter a Small Circle be deſcribed, if this Small 
Circle be infinitely extended every way from its Center, and 
this infinite Plane be carried about upon the Right Line N S as 
an Axis, the common Interſection of this Revolving Plane with the 
Surface of the Sphere, will always be a Circle repreſented by s KD B 
RN, and will cut off;equal Arches AD and BO, HRand R ©, in 
thoſe Great Circles 40 and HO, whoſe Poles are connected toge- 
ther; and it will alſo.cut off equal Arches ad and bo, hd and 14 
from any Parallels or Small Circles'a q and &o, equally remote from 
the Poles & and N, between it ſelf and the Great Circle ZONH, 
paſſing; thro" the Poles Z, P, N, and &, of the Great Circles HO 
S 80d of the Small Circles ho and 49, but on the contrary * 


— 


For the Triangles SAD and NBO, SHX and NR Q, gad and 
Nbo, Ed, and Nb g, have each two Sides and the Angle contained 
of the one; equal to two Sides and the contained Angle of the 
other; and therefore equal in all reſpects; wherefore, Oc. as was 
Cor. Whence it follows, that it from & the exterior Pole of 
the Great Circle C DANN, Lines as SB, SO, SB, be drawn; 
they will cut off equal Arches BO, e, B, in the Pe- 
10 A ag Ce c ; © | riphery 
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riphery of the Plane of Projection, equal to the Arches DA, AD, 
DD, in the Great Circle CDADC ; alſo Arches bo, ob, J 6, in the 
Parallel 40%, equal to the Arches da, 4 d, dd, in the Parallel 
da A 11 Farallel being equally diſtant from the connected Poles. 


ceives the Sphere re- 

B — by the Figure 
on longing to the 4th 
Prop. to be actually Pro- 

O jected, upon the Plane. 
HC oc; in the adja- 


5 cent Figure the Eye 
</B being ſuppoſed in N, 

he will readily perceive, 
FOO £1 | 


that the. Great Circle 
gure, will be repreſented by the projected Circle CAC. in the latter: 
- Alfo the Parallels aq and uo, in the former by the Parallels a q \and: 
bo in the latter; the Line N in the former. wilt be. projected in 
the Point & in the latter, and the Small Circle deſcribed about the 
Line NS will be repreſented by the Right Line. SD 4B, in its diffe- 
rent Scituation, and the Great Circle HZON by the. Right Line 
SHAZO infinitely produced; wherefore by the preceding Propo- 
fition, the Arches DA, 4 D, of the projected Great Circle CAC, 
will be equal to the Arches BO, GB, of the Periphery of the Plane 
of Projection, and conſequently the whole Arch DD of the one, 
will be equal to the whole Arch BH of the other; and the ſame 
will hold good fot the Arches dd and bb, of the Small Circles aq: 
and Be. Wherefore, Oc. as was to be Demonſtrated. | 5 

Whence it follows univerſallyy, 


1. That if from either of the Poles of any projected Great Circle, 
Lines be drawn thro” the Extremitys of any Part or Segment of it, 


till they meet the Periphery of the Plane of Projection, they will 
cut off from it on that Part which is on the contrary Side of the Cen- 
ter ol Projection with the Pole, an Arch equivalent to the Segment 
or Portion of the projęcted Arch. 2 

2. That if from either of the Poles of any projected Small Circle, 
Right Lines be drawn to the Extremitys rf any Segment os Portion. 


22 For if che Rader con- 


42 in the firſt Fi- 


& 
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of it (and continued if need be) they will cut off an Arch equivalent 
to it, in that Small Circle which is parallel to the Plane of the Pro- 
jection, as far diſtant from the under Pole of the Prejection, as 
the given Small Circle is diſtant from the Pole taken. 
Hance we are taught uniyerſally, how to divide any projected 
Great or Small Circle according to any given Ratio, ot to meaſure 
any Part or Fortion ar either of them when projected. 


0 opt aining a few eaſy Ster raphical Problems, whoſe Solutions 
naturally flow from the Principles laid. down in the former 
Settion, . of great Uſe in the Projeftion of the Sphere, Con- 
— of- Spherical Triangles __ ann Prob- 
ems 


RE AT Circks with reſpect to cheir mutual Inclinations or 
Poſitions are diſtinguiſhed into 


1: Right Circles, that is, ſuch Circles as cut the Periphery of ihe 
Plane of Projection ar Right Angles, and when projected, are repre- 
ſented by Right Lines, interſecting each other in the Center or Pole 
of the Projection. Or, 


2. 'Oblig Circles, that is, ſuch Circles as cut the Per iphery of 
the Plane 7 at unequal Angles, and in the Projection are 
repreſented by Circles that cut the Periphery of the Plane of 
the Proje&ion into two equal Parts ; and Lond ya Right Line 
connecting their Per ſhall paſs theo the 98 75 of the Pro- 
jection. 

3. The periphery of che Plans of * proje&tion, i is uſually called 
the Primitive Circle. | 


** 4 | i Law he 4.7 6 
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F T. 


'To draw a Great Circle that ſhall paſs thro” any two given Points 
in the Plane of the Projection. . 
Caſe the 1ſt. If one of the 


Points be in the Center, and 
the other in the Primitive Cir- 
Khan or in ſome other Point 
2s p, then thro' C the Center, 
7. the given Point a or p, 
3 the Right Circle 4 p cb, 

and the thing is done. 


Al 24; If neicher of the 
Pioints p or 9q be in the Center. 

1. Thro one of the Points as p, draw a Diameter asapch, and 
bi it at Right Angles with the Diameter dc E. 

2, Thro' E and p draw the Line Ep n, to cut the Primitive Cir- 
cle in m, and draw the Diameter cu. 

3. Thro* E and u draw the 8 85 Line E v, till it meet the * 
meter apcb. produced in r ö 

4. Thro* the Points p, 4 and r, de a Circle (by Cor. the 9th 
of Prop. the 14th Part the 14) and the thing is done: 

Dem. For becauſe mu is the Diameter of a Great ( ircle deſcri- 
bed upon the Superficies of the Sphere, pr ſhall be the Diameter of 
its Repreſentative upon the Plane of the Projection ab ; and conſe- 
quently every Circle that paſſes thro the Points v and q mall be the 
Repreſentative of ſome Great Circle upon the Superficies of the 
Sphere, wherefore the Circle 27 ſhall be a Great Circle. W. oh D. 


Problem 2. 4 


About ny ren: as a rer, to deſcribe g Great Circle. 


Caſe 1. 
If the Point given bei in the Center, then i run Circle i 
the Great Circle required. . 
' oh 2 4% Cafe © ADS ” 


If the Point given be i in the Primitive Circle as 4. 


Thro 
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1. Thro' 4 and the Center e draw the | 


Diameter 4 E, and draw the Right Cir- | 
cle a c l, and the thing is done. 1 7 


Set off go Degrees or a Quadrant 
A FS d to a and ;, and draw the Right 


Circle ac 6b, which will be the . 
required. 


Caſe 3». | 


If the Point be neither in the Con- 
ter nor in the Primitive Circle, but in 
ſome other Place as p. 


1. Thro'p the given Point and c the 
Center, draw the Diameter, or Right 
Circle E pcd and croſs it at Right 
angles with the Diameter ac 6. - 


2. Thro a and the Point p draw the Line apt; cl or off go DE: | 
grees or a Quadrant on both ſides of it to o and . 
3. Thro' a and the Point o andy, draw the Eines an and a), rt 
they interſe& the Diameter d e E produced in and m. 
44. Biſſect nm in the Point x, then will z be the Center, and 2 
or ⁊ n; the Radius of the Circle to be drawn. - 


Ot. , 
2. Having drawn the Right Line a t;ſet off the Arch bt 2 
r to , and draw the Line az H then will x be the Center, and x 2 
the Radius of the Circle to be _ » 5 

17 ' 

3. If the diſtance from 7 the Point given, to e the Center of the, 
Circle to be drawn be given; ſet off the Tangent of that diſtance from 
c to æ, and the Semi- tangent of its Complement from c to ; then: 
will Z be the Center, and vn the * of the Cirele to be drawn. 


4. Set off the Secant of the diſtance from a to x, then will z 
er Center, and ⁊ a — _ of * n to Loy N as 
_ " -x 3 46 » 


4 G 
een 1 1-20 7 8. On 
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r | 
5. Set off the Chord of the double Diſtance from b to t, {4 draws 
82 s for the Center z, alſo ſet off the Chord of the Complement 
from to o, and draw a uo for the Interſection or Extremity of the 
Diameter, then will z be the 3 and & n the Radius of the 
Circle to be drawn. | 2 


| : Problem Me | 
To fad the Pole of any projected Great dun, ſee the "I belonging 
to bhe preceding Problem. 
| Caſe 1. 


I the Circle given be the Primitive Circle adb E. 
Find the Center c (by Cer. the 6th of us the 10th Part the 142) 


And you Have its Pole. : 
| «Caſe 2. 


11 the Circle given be a Right Circle, hen a Ciecle as is re- 
-preſented in the Figure by the Right Line ab. 
Solution, Croſs it at Right-angles with the aer. dE, and 


: the Points d and E will * the THO 


Set off 90 Degrees or a Quadrant, from either of "RY Excremitys. 
-& and b of the given Circle ab, in the primitive Circle to d and E, 
then will à and E be the Poles. 


3 Caſe 3 

If the Circle given be an Oblique Cuche as ab. 

Solution. 1. hro a one of the Interſections of the Sende u. 
cle with the Primitive Circle, and # the Interſection of the ſame 
Oblique Circle with its projected Axis, draw the Right Line a no, 
cutting the Primitive Circle in-6- 

2. Set off 90 Degrees or à Quadrant in the primitive Circle,' 
both ways from o to x and from o to. :, and draw the Lines a pr 
and a x q, cutting the projected Axis produced if need be, in p and 


4, then will p and be the 8 the Circle to be found. 


I en the neareſt diſtanee of the Oblique Circle, from c the Cen- 
ter of the Primitive Circle or Pole of Projection be given, ſet off 
the Semi- tangent of that diſtance 3 from c the Cen- 

ö ier 
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ter of the Primitive Circle, on the fame ſide of the Center that the 
Oblique Circle a 6 falls in the projected Axis, to , and you have 
one of the Poles, and the Semi- tangent of the Complement of the 
ſame diſtance, ſet off from the Center on the contrary ſide in the Axis. 
to p, will give the other Pole p 
| Problem 4 

About any Point as a. Pble, to deſcribe a Leſſer or Small Circle, 
or which is the ſame thing, to draw a Small Circle parallel to any 
given Great Circle. | 3 


It the Point given be the Center of the Primitive Circle, or which 
is the ſame thing, if the Circle to be drawn be a parallel to the Pri- 


1. By the · Chords, ſet. off. the Chord 
of the diſtance. of the Small Circle from 
its Pole in the Primitive Circle, from 4 
to n, or from d to n, or its diſtance 
from the Great Circle to which it is 
required to be parallel, from a to , or 
from 6 to n, and draw the Line E m or 
Eu, where. either of theſe Lines inter- 
ſect the Diameter. a bas in o or 4, gives 
one Interſection of the Diameter of the 

Circle to be drawn, . of which c is the 
Center, and co or cꝗ the g, * 2 RE 
2. By: tbe Semi-tangents, with the Semi-tangenr of the diſtance c 
the Small Circle from the Pole of the Projection, or the — 2 
gent of the Complement of its diſtance from the Great Circle, to 
which it is required to be parallel, between the Points of the Com- 
aſles, ſetting one Foot in the Center or Pole c, with the other de- 
Eibe the Leſſer. o , and. the thing is done. A 4440 1 
"09 ee Wi > 11 295 4954 
If the Point given be in the Primitive Cirele at di or which is the: 
fame thing, if the Small Circle to be drawn be required to be pa- 
rallef to the Right Circle a#; and which mult waere of neceflity: 
eut the Plane of Projection at Right- angles. | 


24 the Stereographie 
Solution. 
7 I. By the Chords, ſet off the Chord 
A 7 of the Small Circle's diſtance from its 
Poole d, to m and n, or the Chord of 
its diſtance from the Great Circle a c, 
to which it is required to be parallel, 
from à to m, and from 6 to x, and 
draw the Lines amq and ap n, where 
theſe Lines interſect the Axis cq in 
9 and p, will give the two Extremitys 
of the Diameter of the Circle 4 to 
projected, the middle Point x of 
5 which will be the Center, and ⁊ q or 
kp, the Radius of the Circle to be. 
.. drawn. * | Is x 


2. Draw zz a Tangent to the Point 
u, or at Right-angles to the Radius 
cn, of the Primitive Circle ad b E, 
| 25 | | - where this interſe&s the projected 
Axis in z, gives the Center of the Small Circle to be drawn, of 
- which z z will be the Radius, 8 C 
hs | | r, een gh ON TY i 
3. Having found the Points of Interſection n and u as before, 
with the Tangent of the Small Circle's diſtance from its Pole d, or 
the Tangent of the Complement of its diſtance from the Great Cir- . 
cle ach, to which it is required to be parallel, between the Points 
of the Compaſſes, ſetting one Foot in m ox n, with the other croſs 
the projected Axis in z, then will z be the Center, and the diſtance 
between the Points of the Compaſſes, the Radius of the Circle to 
be dran. Ni ee eee 9 1 
55 Or, 


4. Having ſet oſſ the Semi- tangent of the Small Circle*s diſtance 
from the Great Circle to which it is to be parallel, or the Comple- 
ment of its diſtance from the given Pole in the projected Axis from 
c do p, it will give one Interſection of the Circle to be drawn, and 
the Secant of the diſtance. of the Small Circle from the Great Circle 
to which it is to be parallel; or of the Complement of its diſtance. 
from the given Pole, ſet off from c the Center of the Primitve Circle, 
| 0 in 
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in the projected Axis the ſame way to z, will give the Center of the 
Circle to be drawn, whoſe Radius will be zp, - 

5. Having found the Inter ſection p, by the help of the Semi- tan- 
gent of the Small Circle's diſtance from the Great Circle to which it 
is to be parallel, ſet off from thence the Tangent of the Small Circles 
diſtance from its Pole in the Axis from p to z, then will z be the 
Center, and zp the Semi- diameter of the Circle to be drawn. 


„ Or, | 

6. Having ſet off the Semi-tangent of the Small Circle's diſtance 
from the Great Circle to which it is to be parallel, or the Semi- 
tangent of the Complement of its diſtance from its Pole, in the Axis 
from c to p, it will give one Interſection of the Diameter, and the Se- 
mitangent of the ſame diſtance plus go Degrees or a Quadrant, ſer off 
the ſame way in the Axis from c to 4, will give the other Extremity, 
of the Diameter the middle Point wherefore-z, will be the Center, 
and the diſtance z p or z 4, will be the Semi diameter. 


Caſe 3. 


If the Point given be neither in the Center nor in the Primitive Cir- 
cle, but ſomewhere within the Circle as at-p, or which is the ſame 
thing, ſuppoſe it were required to . | 
draw a Small Circle parallel to a 
given Oblique Circle a 5 6. 


Solution. 


1. By the Chords. 1. Thro' 9 
the Point given, and a the Pole of a 
the projected Axis dc E, draw the 
Line ap m to interſect the Primi- 

tive Circle in m. | Wb 


2. Set off the Chord of the Small | 
Circle's diſtance from the given - 
Point or Pole or the Complement of 
its diſtance from the Great Circle to 
which it is required to be parallel, 
from m to n, and from to o, or 


Ddd from 
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from m to /, and from m tok, and draw the Lines a1?, aro, agn, 
and az k ; where theſe interſect the projected Axis in r and q, or in 
and x, will give the Extremities of the Diameters r q and tz, of the 
Circles to be drawn, the middle Point of each of which will be the 
Centers or, | 9 3 5 
If the diſtance of the Point p from c the Center of the Circle or 

Pole of the Projection be known, and the diſtance of the Small 
Circle from its Pole or given Point p, be leſs than the diſtance be- 
tween the given Point p and the Center c; i 

Then ſer off the Semi- tangent of the Sum and Difference of the 
diſtances of the Small Circle from its Pole, and of the Pole or given 
Point, from the Center of the Projection, on the ſame Side of the 
Center of the Primitive Circle that the Pole is of in the projected 
Axis, from c to v and q, and you will have the Extream Points r and 
7, of the Diameter c q, of the Small Circle to be drawn, But, 

I the diſtance of the Small Circle from its Pole be greater than 
the diſtance of the Pole, or given Point from the Center of the Pro- 


jection. | | 
f Then ſet off the Semi- tangent of the Sum of the Small Circle's di. 
ſtance from its Pole, and the diſtance ot the two Poles in the pro- 
jected Axis, from c the Center of the Primitive Circle, on the ſame 
ſide as the Pole is of, to :; and you have one Interſection, and the 
Semi- tangent of the difference between the diſtance of the Small Cir- 
cle from its Pole, and the diſtance between the two Poles ſet off from 
the Center c, on the contrary Side to z, will give the other Interſec- 
tion of the Diameter ⁊ t, of the Circle to be drawn, the middle 


Point of which willbe the Center 
== Caſe 4. N 

E the diſtance of the Small Circle to be drawn from its Pole p, be 
equal to the Supplement of the diſtance of the Point p from the 
Center of the Projection c, then in this Caſe, the Small Circle paſſes 
thro the Eye Point, and will be repreſented by a ſtreight Line, as 
Fw'h (by Cor. the 5th, of the General Difautiou of the former Section) 
- at Right-angles to the projected Axis, at the diſtance of c u, from 
the Center of the Primitive Circle, equal tothe Tangent of the Com- 


plement of the diſtance of p the given Point, from c the Center, and 
conſequently it interſe&s the projected Axis in the Center of the 


2 reat Circle that paſſes thro' the given Point p. | 
' | Whence 


Stereograpbical Problemis. """_- 
Whence it is obvious, that all Small Circles whoſe diſtance from 
the Pole p, is greater than the Supplement of the diſtance of the 
Point p from the Center c, or Pole of the Primitive Circle, will have 
their Centers on the contrary Side of the Small Circle s uu &, that the 
Point is of, and will revolve about the Exterior Pole, 
| Problem 5. 
To find the Pole of any projected Small Circle. 

General Solution. Find the Poles of the Great Circles to which 
the Small Circle is parallel, and you have the Poles of the Small 
Circle required. But, | | 

If the Great Circle to which the Small Circle is parallel, be not 
iven- | 
: Then (See the preceding Figure) Thro' a the Pole of the Small Cir- 
cle's projected Axis, and the two Extremitys q and r, and z and t, of 
the Small Circle's projected Diameters qr or zz, draw the Lines 
aqn, and aro, or azk, and alt, and biſect the Arches zo or 
EI, in the Point , and draw the Line apm, where this interſects 
the projected Axis in p, will give the Pole of the Small Circle g, 
or xt, required to be found. 


Problem 6. 


From any given Point in a projected Great Circle, to cut off an 
Arch equal in quantity to any given Arch, or. which is the ſame 
thing, to lay off any Number of Degrees in a given Great Circle, 
from a given Point. | 

General Solution. 1. Thro' the Pole of the given Great Circle, 
and the given Point, draw a Right Line to interſe& the Primitive 
Circle. 

2. From this Interſection ſet off the Number of Degrees in the 
Primitive Circle, on that Side as the Caſe requires. 3 

3. From the Point laſt found, to the Pole ot the given Great Cir- 
cle, draw a Right Line, where this Right Line interſects the given 
projected Great Circle, will give the other Extremity of the Arch 
to be cut off, and the Portion of the Great Circle contained between 
the Point firſt given and the Point laſt found, will contain the given 
Number of Degrees. 


Ddd 2 | Caſe 
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i tha 5 805 Caſe 1. 


If the given Great Circle be the Primi- 
tive Circle, ſet off the Number of Degrees 
in the Periphery, from n the given Point 
to m, and the thing is done; and ꝝ m is 
the Arch required. 858 


Caſe 2. 
If the given Great Cirele be a Right Circle as ach, and the given 
Point be o. wack 155 
| Solution. | 
1. From E or d, the Poles of the given Great Circle ach, thro? 
the given Point o, draw the Right Lines Eo x, or do y, to interſect 
the Periphery in z ory x . 
1. From the Interſection n or y, ſet off the Number of Degrees 
the Arch muſt contain, from x tom, or from y to x, and draw the 
Lines Em or 4 x, where either of theſe interſe& the given Great 
Circle as in q,-will give the other Extremity of the Arch q o, equal 
in Quantity to the given Arch, or that ſhall contain the ſame 
Number of Degrees. 1 
If the Point given were the Center of the Primitive Circle as c, ſet 
off the Semi- tangent of the Arch from c to o, or from c to q, ac- 
cording as the Caſe directs; and the Points o or , will give the o- 
ther Extremity of the Arch to be found, for co is the Semi- tangent 


of the Arch d u. 


8 - . o — 


If the given Point were o, and the diſtance of the Point o trom the 
Center c were given, and the length of the given Arch greater than 
the Arch co. In this Caſe ſet off the Semi- tangent of the Exceſs from. 
cto q on the contrary Side of the Center, and the Point q will be the 
other Extremity of the Arch q o to be cut off. | 

But if the Length of the given Arch be greater than the diſtance of 
the Point o from the Center of the Projection c, in this Caſe ſet off 
the Semi- tangent of the Exceſs of the Arch co, above the given Arch 
-2 o, from c to z, on the ſame Side of the Center c, and the Point z. 


Jill be the other Extremity of the Arch & o, to be laid off. 
Cafe 3. 


WE the given Point be o. 
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_ Caſe 3. | 
If the given Great Circle be an Oblique Circle, as asb, and 


- 


29 


Solution. 1. From p or x the Poles of the given Great Circle a 55, 
thro' the given Point o, draw the Right Lines pox, orz0y, to in- 
terſect the Periphery in x or 5. 


2. From the Interſections z or y, ſet off 
the Number of Degrees the Arch muſt con- 
tain, from to n, or from y to x, and draw 
the Lines pqm, or zq x, where either of 
theſe interſect the given-Great Circle as in 
7, will give the other Extremity q; of the 
Arch qo, equal in Quantity to the given 
Arch, or that ſhall contain the Number of 
Degrees required. | 


Hence and from Cor. 4th, of Prop. the 24 of the former Section, we: 
are taught a very ready way of deſcribing a Parallel or Small Circle. 


about any Point q as a Pole. 


1. For Having drawn a Great Circle 
aqb, thro' the given Point 9, ſet off 
the diſtance of the Small Circle from 
its Pole from 4 to r. 


2. From ⁊ the Center of the Great 
Circle aqb tor, draw the Right Line 
vr, and at Right-angles to it ur, 
then will z be the Center, about 
which if a Small Circle be deſcribed at 
the diſtance of ar, the thing is done. 2 * 

This Method is very uſeful in the drawing of Patallelsc in any 
Serecgraphic Projection of the Sphere, about any Pole, when tus 
Pole falls within the Plane of the Projection. N en 


For 


| — 
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For Having dra vn the in finite Line 75 
a Tangent to the Great Circle aq b, in 
the Point , lay off the Degrees of di- 
ſtance of the Small Circle from its Pole 
q, in the Great Circle from q to r, by 
the former Problem, this wil give one 
Interſection of the Small Circle to be 
drawn; and if from z the Center of 
the Great Circle aq 6, thro the Point 
y the Right Line zrs be drawn, it 
will interſe& the Tangent 4 in the 
Point s, at the diſtance of q 5 from the Pole 9, the Semi-diameter or 
Radius of the ſame Circle. | | 


Problem 7. 


To Meaſure any Part or Portion of a projected Great Circle. 
General Solution. Find the Pole of the given Great Circle, and 
draw a couple of Right Lines from the Pole thro the two Extremi- 
ties of the Arch to be meaſured, and the Arch cut off in the Primi- 
tive Circle, will give its Meaſure. | 


| Caſe I; 

If the Circle given be the Primitive Circle, then the Center is the 
Pole, and any Arch of the Circamference as m, applied to the 
Line of Chords, will give the number of Degrees it contains: Sce 
the Figures belonging to the former Problem, 


Caſe 2. 


If the Circle given be a Right Circle as a cl, and the Arch to be 
meaſured be 40. "a | 

Solution. Thro' E or d, the Poles of the Circle ac b, and the Ex- 
tremities 9 and o of the Arch 0, draw a couple of Right Lines as 
Eos and Eqm, ordoy and dex, and the Arch mx or xy of the 


Primitive Circle, cut off by the «wo Lines, is equal to its Meaſure, 


and applicd to the Line of Chords will give the number of Degrees 

it contains. Or, — neg | 
The Sum of the Arches co and c, meaſured upon the Line of 
balf Tangents, will give the Quantity of the Arch 4 0. . 
| Caſe 


* 


- Stereographical Problems. * 31 


| Caſe 3. 

I che Circle given be an Oblique Circle as 4, and the Arch to 
be meaſured be 0. 

? Solution. Thro' p or z the Poles of the Circle as 6, and the Ex- 
tremities 9 and o of the Arch qo to be meaſured; draw a couple of 
# Right Lines as pon and p ꝗ m, orzoy andzq x, and the Arch mx, 
or x y, of the Primitive Circle, cut off by the two Right Lines, is 
equal in quantity to the given Arch 40; and being applied to the Line 
of Chords, will give the number of Degrees it contains. 


There are other ways for medſuring or laying down an Arch of a 
ſected Great Circle, but theſe that I have made Uſe of are the readi- 


tf for Praflce, and the propere for my preſent Bubi. 
* Prallem 8. 


Io lay down any Number of Degrees on any projected Small Cir- 
cle, from any given Point, and on the contrary, to meaſure any 
Part or Portion of a Small Circle when projected. | 

"We Caſe 1. 

If the Small Circle given be parallel to the Primitive Circle, and 
the given Point be a, from whence the Degrees are to be laid off. 
Solution. Thro' c the Center of the Primi- 

tive Circle, and æ the given Point, draw the 
Line c ad, to cut the Primitive Circle in d, 
from whence lay off the Number of Degrees 
to m, and draw the Line cm, where this 
cuts the Small Circle as in l,, will give the 
other Extremity of the Arch @ 5, which ſhall 
contain the Number of Degrees required. | 
On the contrary, by drawing two Lines from c thro a and b, the 
Extremities of any Part or Portion ot the Small Circle 2B, we ſhall 
have an Arch d m, cut off in the Primitive Circle, equal in Value to 
the given Arch ab, and which applied to the Line of Chords will 
give the Number of Degrees it does contain, an Th 
If the Radius cb be applied to the Line of Chords upon the 
Sector, the Arch ab applied to the ſame Line of Chords, will-ſhew 
the Number of Degrees it contains. 5 | 
n 
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On the contrary, the Number of Degrees the Arch is to contain, 
taken off from the ſame Sector, and ſer oft in the Periphery of the 


| Small Circle, from a the given Point to 6, will give the other Extre- 
= mity of the Arch ab, that ſhall contain the given Number of De- 


grees. | 
| Caſe 2. | 

| © If the Small Circle given m4 c#, be parallel to a Right Circle 
= and the given Point be , al [FO | ö 
= 1. Conſider the diſtance of the Small 
Circle m x un from its Pole d, and de- 
ſcribe a Small Circle gr2 s, at the di- 
ſtance of its Supplement from the 

Point c. 5 
2. From d the Pole, thro' « the 
= given Point, draw the Right Line 
| Aut, and ſer off the Number of De- 
| grees the Arch is to contain from r to 
= t, and draw the Line : 2 d, where 
this interſects the Small Circle n | Co 
in X, will give the other Extremity of the Arch u ⁊, that ſhall con- 
tain the given Number of Ser + | 4 
Having drawn the Small Circle x y, at the ſame diſtance from c 

as the given Small Circle n is, diſtant from its Pole 4: 

Thro' a the other Pole of the given Small Circle and the given 
Point , draw the Right Line az y, and ſet off the Number of the 
p Degrees the Arch is/to contain, in the Periphery of the Small Circle 
laſt drawn from y to x, and draw a x, which will interſect the Small 
Arch m in x, the other Extremity of the Arch z z required, that 
- ſhall contain the Number of Degrees given. % UNI 
” On the contrary, by drawing a couple of Right Lines from d 
the Pole of the Small Circle n, thro the Extremities 2 and 1 of 
any Arch z u, they will cut off an Arch yt, equal in quantity to/. 
the Arch z u in that Small Circle q7tz, whoſe diſtance from the 
Center c, is equal to the Supplement of the diſtance of the Point 4. 
from the Small Circle given. O-. Wk 
By drawing a couple of Lines from a, the remoteſt Pole of the 
Small Circle un, thro the Extremities z and » of any Arch æ #: 
| | | of 
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of any Arch z u, they will cut off an Arch xy, equal in qua ity to 
the Arch zu in that Small Circle x y, which is as far diſtant 
the Center c of the Primitive Circle, as the neareſt Pole d is diſtant 
from the Small Circle m u. 80 NZ" il 


| \ Caſe 3. 

If the Small Circle given, be parallel to an Oblique Circle as as & 
and the given Point be 2. 8 x 

1. As in the former Caſe, ſo in this 5 
conſider the diſtance of the Sma'l Circle 
given from either of its Poles, and de- 
cribe a Small Circle as &, as far diſ- 
tant from the under Pole of the projec- 
ted Circle. | 


23. Thro' p and the given Point «, 
draw the Right Line/py#'to cut the 
Periphery of the Small Circle x y in y, „ * 

and ſet off the Degrees the Arch is to 7 I Oe] 
contain from y to x, and draw the Line pr, where th cuts the 
Small Circle z « in z, it will give the other Extremity z of the Arch - 
⁊ u, that ſhall contain the Number of Degrees given. 15 
On the contrary, by drawing Lines from p the Pole of the Small 
Circle-z u, thro the two Extremities z and « of any Arch z u, they 
will cut off an Arch x y, equal in Value to the given Arch z u, in 
that Small Circle which is drawn about the Center c as a Pole, 
and as far diſtant from it as is the Supplement of the diſtance of 


the given Small Circle dom its Pole p. Or 2 

Univerſally, thro iven Poles of the en Small Circle 
and the given Point, = Great Circle, and ſet᷑ off the Number 
of Degrees from the Interſaction of this Great Circle, with the Great 


Circle to which the given Small Circle 1s parallel in the given Great 
Circle; a Great Circle ſtruck throꝭ the given Poles and the Point laſt 
found, will cut off an Arclf in the Small Circle, equal in Quangi 
to the given Arch, or which ſhall contain the . 


805 the contrary, by drawing two Great Circles thro the Poles 
of the given Small Citcle and the Extremities W Arch, 
they will cut off an Arch in * Great Circle to which the given 

* N Lee „ Smal 


* ö 9 * 


i. 
3 * 
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Small Circle is parallel, equal in Value to the given Arch of the gi- 
ven Small Circle... 

Hence we are taught, How | to divide any given Parallel or Small 


Circle, in any given Ratio; or how to. meaſure Y * or Fortion 
of it when . N | bh 


Problen em = 


Thro' a given Point to draw a Great Circle, that ſhalt form a Ly 
ven Angle with a given Great Circle. 

This Problem being of great Uſe in the Conſtructing of eder | 
Triangles and Aſtronomical Problems, I ſhall exemplify it thro” all the 
Varieties, and that it may be the better 8 * is neceffary 
to Sepia what is meant by Ne ndres” Angle. 


| 4 Spherical Angle is formed by the meeting together or Inerſeftion A 
tuo Great.Citcles upon the Surfact of the Sphere, and is meaſured by an 
Arch of a Great Circle, at a Quadruntal diſtance from the Angular 
Point; wherefore, if about any Angular Point as a Pole; a Great Cirele 
be deſeribe the Arch of that Great Circle intercepted or contained be- 
turen the o Circles which confliture' the Angle," is the meafwre thereef, 


* 


* che adjacehe Figure, let da el repreſent A Great Citcle, 4 ne, 
dv, [two * Great Circles, interſecting in the Points d and e, 

and forming with it two Spherical Angles 
.adiand ado, and between themſelves the 

Spherical Angle do, it is manifeſt that 
the Arches a , a, and uo, of the Great 
Circle ach, d about the Angular 
Point d as a r intercepted between 
the Arches a d, Wwayrar 


® - Jag ads raped the Poles ee Circles Int and Wavy 
whkrefore; becauſe c a is equal to pn, and the Arch e „common, 
* cp will be equal to an, and for the ſame reaſon c will be equal 
10,40, 4 and pq will be equal to a Whence it follows, 

- That the Lich of the Great Circle deſcribed about the Auger 
Point as a Pole, and intercepted between the Poles of the two 
Eirthes that conſtirute the Angle, is * to the Meaſure or Quan- 
* ot the contained Angle. Hence 


* 


- * 
= * 
5 | * * 
A 
* 
17 


"= 
* 
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Hence the Pole of one Circle being given, we ate taught how to 
bad the Pole of another Circle, that ſhall form any Angle with the 
given Great Circle, viz, by laying off the Number of Degrees the 
te muſt contain, (in that Great Circle which is at a Cuadran- 

tal diſtance from the Angular Point) from the given Pole, and the 
Point laſt found will be the Pole of the Circle to be drawn. 
Hence we are taught a general Solution of the former Problem, as 
follows, 
About the Point given as a Pole, deſctibe a Great Circle, and if 
the Point given be in the Great Circle with which the Angle is to be 
formed, | 
Ser off the Number of Degrees the Angle muſt contain in that 
Great Circle, from the Pole of the given Circle, and the Point * 
found will be the. Pole of the Circle to be drawn. But 
If the given Point be not in the Great Circle wich which the Ar 
gle is to formed , 
8 Pole of the given Circle, deſcribe a Small Gaade at 
the diſtance of the Quantity of the given Angle, where this parallel 
_ interſe&s the Great Circle (drawn about the Angular Point as a Pole) 
it wil give ve Pole of the Circle to be n 1 A been 


59111 


4 . N Caſe. 1. } i? 1 | 4} 


" hi gel Great Ciide be a Right Circle as a c 3, and the 
ven Point be the Center of the Primitive Circle As c, and the 
to be Conſtructed be ac m. 


Ser oft the Quantity of the Ange or Number e of. Ne it 1 
contain, in the Primitiv Circle, ffom dt c Fols of the ght Cite 


to x, and about & as Pole dele ſcribe 158 3 Circle 2 "= 
will uc a be the Angle t be formed · Right y ho den 


The Angle mc may beCooftruded 1 a a Plane 14 85 by yl 
off the De es. it muſt contain from 4 N drawing the Dia N 


meter or Right * 8 . F d . 
Caſe N | 
If the given Great Circle be Right C ircle as ac, * the gi- 
ven; Point be p, raken in the Ri e WE & 
e . en 7 ts 2 — 1 THF - 


X24 2; » Ab 


u 4 | Eee 2 | bb About 
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2 4. ; About the given Point p, de- 
ſcribe a Great Circle dne, and 
ſet oft the Number of Degrees the 

Angle muſt conrain, from 4 the - 
Pole of the Right Circle to u, then 
will # be the Pole of the Circle to 
be drawn, about which Point u, 
if the Great Circle « p & be deſcri- 
bed the thing is done; and spb 


by the Angle to be Conſtructed. in 


6770 he Ralf - EL 


If the given Circle be the Primitive Circle a db e, the given Point 
be d, taken in the Primitive Circle, and the Angle to be Conſtruc- 
ted be m d 1s. | 3 WC we — 3 L 
Set off the Number of Degrees the Angle mnſt contain, in the 
Right Circle ac b, (which is the Great Circle deſcribed about the 
Point d) from c top, about which Point p, if a Great Circle as 

Ane be drawn the thing is done, and md is the Angle to be Con- 
ſtructed. i to: 
Or the noni of the Angle might have been ſet off in the 
Great Circle a cb from à to t, and then a Great Circle drawn thro 
the Points d, t, and e, would have formed the Angle m du. RJ 
If the Angle to be Conſtructed be an Obtuſe Angle as x du, the 
Quantity of the Angle ſet off from e · to 4, will give. the Exterior 
Pole q of the Circle die to be drawn, and this being the ſame 
Ereat Circle as is deſcribed about the Point p, whoſe diſtance from 
the Center c, is equal to the Angle dn, the Supplement of the 
Angle nd x, it comes to the ſame thing whether you make Uſe of 
the Supplement din as in the former Example, or of the Angle 
»d x as in this, but the former being moſt apt for Practice is general- 
Iſ the given Great Circle be an Oblique Circle as de, and the 
ꝑiren Point n be taken in the Oblique Circle, and the Angle to het 
onſtructed be da x. = 3 | d 
9 | | | Haring 


* 
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Haring deſcribed the Great Circle 1 4 & about the given Point 
#, as a Pole, ſet off the Quantity of the Angie du from p to x, 


about which Point z as a Pole, if a Great Circle fas xn#h be 
drawn, the thing is done; and dn x is the Angie t be Conſtructed 


v : Caſe o 2 ? 


If the given Great Circle be a Right Circle as a ch, and the gi-- 
* Point s be taken without it, and the Angle ta be formed be 
* the given Point s as a Pole, | | 
deſcribe the Great Circle mc y, and 
about the Point d the Pole of the gi- 
ven Circle ac 6, deſcribe a Parallel or 
Small Circle x pz, at the diſtance of 
d x, the Quantity of the given Angle, 
where theſe two Circles interſect each 
other, as in the Point p, it will give the 
Pole of the Circle to be drawn, about 
which if a Great Circle as 4 be 
drawn, the thing is done; and 3245 is 
the Angle to be Conſtructed. 


* | Caſe 6. ; 

If the given Great Circle be the Primitive Circle, and the given 
Point be x, taken at pleaſure within the Projection, and the Angle 
to be formed be dx .ñĩ³ĩ7; 8 

About the given" Point # as a 
Pole, deſcribe the Great Circle kps, 
and about c the Pole of the Primitive 
Circle, deſcribe a Small Circle 2, at 
\ the diſtance of c 9, equal to he an - 
tity of the Angle given, -where 7 
two Circles interſect as in p, is the 
Pole of the Circle to be drawn; about 
which Point, it the Great Circle ; 
h x de deſeribed, the thing is done / 
and d xm. is the Angie to be Con- 78 9 4 11 


Fra TY ” : * 
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: 75 Caſe 7. x 


n (2 the ven 1 Great Girda bs an 1 
Oblique gi ircle d e, and the given 
Point be taken without the Circle as 
at x, and the Ang to be Conſtructed 
be x nd. + 
About x-the given Point, draw the - 
Great Circle mc y, and about p the 
Pole of the given Circle due, de- 
ſcribe the Small Circle 7, where this 
interſects the Great Circle before de- 
I ſcribed as in , it will give ths Pole of 
hf Circle to be drawn ; about which Pole, if che Great Circle x #4 
be drawn, the thing is done; and d x is the Angle to be Conſtructed. 

If in either of theſe laſt Caſes, the Small Circle interſects the Great 
Circle in two Points as q and r, either of theſe Points may be taken 
for the Pole of the Circle to be drawn. If it only touch the Great 

Circle the Problem is limited; but if it neither cut nor touch the 
Great Circle the Problem is impoſſible. 

Each of theſe Examples have been adapted as near as pol ble, 
to the uſual way of projecting Spherical Triangles, and the Conſtruc- 
ting of Aſtronomical Problems upon the Plane of the Meridian. 

By the help of the 24 Prop · of the former Settion and its Corolarys, 
we are taught a direct Merhod for finding the Centers of the We 
to. be drawn in any of the former Examples. 

Thus in Caſe the 24, el the 4 given 
— aq mn * Great Circle is à Right Circle as 3 the 
& N ee . to be lor. 


el 19.2 5 5 


R 1. Thto' 7 * 27 of che Sage and 
als thro — Points d, #2; and e, draw the. 


Line 4 pep to the Right Circle 
| £4 goth, and "nur? Angle 4p . 
Com Koa of legit le pb, where 2 40d ÞS + 
Cong 8 in 2, it will GE giveth Gere, oth the Circle h to be 
. 


INTE. 


2 os 2. Having 


— 
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2. Having made c 9 equal {ro the Tangent of the Arch 79 to 

the Radius cb, fet off the T of the Complement of the Angle 
b to the Radius p 4, from 7 to x, then will x be the Center of 
the Circle to be drawn. Or; 

With the Secant of the Complement. of the Angle 4% b, be- 
Wi the Points of the Compi, ſetting one foot in p the given 
Point, with the other croſs t Ine J in x, then will z be the 
Center, and z p the Radius of the Circle to be drawn. Or, 

4. With the Tangent of the Complement of the given Angle , 
between the Points of the Compaſſes, ſetting one foot in , deſcribe 
a ſmall Arch at z, or (if the Point 9 be not given) at the ſame diſ- 
tance draw zr parallel to ac 6b, and with the Secant of the Com- 
plement of the ſame diſtance between the Points of the Com paſſes, 
ſetting one foot in p, with the other foot croſs the former Arch or 
parallel Line z 1 in the Point , then will z be the Center, ang ? 
the Radius of the Circle to be drawn. x * 
Again in the 34 Cafe, where the gi- | 
ven Great Circle is the Primitive Cir- | 
cle, the given Point d, and the i | 
to be formed is ad#- Is 


1. From the given Point d 2 dz, 
forming an Angle with the Diameter ky ; 
d ce, equal to the given Angle à dt, 4 1 
where this Line interſects the projected 3 "Is 
Axis ach in ⁊, it gives z the Center o , 8 
the Circle dt e to be drawn, whoſe .. 2 P3926 36 5 
Radius or Semidiameter is dx. Or, 7 | 

2. The Tangent of the given Angle ry to > the Radius c Fl 
ſet off from e to x, will give the —_ of the Circle to be 1 


3. . The Secant ot the ſame Angle et off d to , will 
the Center of the Circle to be drawn, of which the Radius 8 
5 n bee ee Wer f 
4. With angent of the Angle one foot of 
Compaſſes in c, ſweep a ſmall Arch at's, with the Setant 3 the 
ame diſtance, one foot of the Compaſſes being placed in d, 
the former Arch in x, the Center: of the tobe e. of 
7; © 


r 4˙⁷ WY 
Dir . Like- 


2 
5 * 


4 


is dx u (ſee the former Figure.) 


drants, that then the Arch of the Great Cirele {whoſe Pole is the An- 
gular Point) contained or intercepted between them is the Meaſure 
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© "Likewiſe in Caſe the 6th, where the given Great Circle is the Pri- 
mitive Circle, the given Point is , and the Angle to be projected 

x. With the Tangent of the given Angle dx n, to the Radius c b, 
ſetting one foot of the Compaſles in c the Center of the Projection, 


with the other foot deſcribe a ſmall Arch at , with the Secans of the 


ſame diſtance, ſetting one foot in: he given Point, croſs the former 
Arch in the Point q, then will q be the Center of the Circle bh» x 
to be drawn, and the Secant of the Angle or diſtance u 4, the Ra- 
dius or S2zmidiameter. Or, . 2 

2. Make the Angle e d equal to the given Angle a de, then 


will cz be equal to cg, the diſtance of the Circle to be found, from 


the Center of the Primitive Circle, and 4 z the Radius or Semidia- 
merer of the Circle to be drawn- 5 

4 5 | 3 Again, in Caſe the ath, where the 

DJ given Great Circle is an Oblique 


Circle, as d n e, the given Point is u, 
and the Angle to be formed is dux. 


From u the given Point, to z the 
Center of the given Circle, draw 
5 N the Line nz, and let zr be per- 

N n pendicular to the Line cr, drawn 

| | | from x the given Point, thro' c the 
. Center of the Primitive Circle. 

Make the Angle 2 14 equal to the given Angle d n x, where the 
Line 19 cuts ær before drawn, it gives q the Center of the Circle 
x # h to be drawn, of which u is the Radius or Semi-diameter. 


- \Problem 10. 


To meaſure or find the Quantity of any Spherical Angle when 
It has been ſnewn in the former Problem, that if the two Sides on. 


Arches that contain any Spherical Angle, be produced till they are Qua- 


of the contained Angle; and this being always equal to the Arch 
of the ſame Great Circle, contained between the Poles of —_— 
1 | 1 . « VTreat 


* 


1 7 


UW Great Circles which conſtitute the Angle. Hence, and from the 
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7th Problem we are taught, how to find the Quantity of any Sphe- 
rical Angle, viz. by laying a Ruler over the angular Point, and the 
two Extremities of the Quadrantal Arch, contained or intercepted 
between them: Or by laying a Ruler over the angular Point, and 
the two Poles of the two Circles that conſtiture the Angle, the 
Arch (in either Caſe) cut off in the Primitive Circle, is equal in 
quantity to the contained given Angle, and being applied to the 
Line of Chords will give the Number of Degrees it contains; as ſhall 
be illuſtrated in its ſeveral Varieties. 1 . 


If the angular Point be in the Center ot the Primitive Circle at c, 
then the Arches me ca, that conſtitute the Spherical Angle me a, 
, * | are ſtreight Lines, the Great Circle 


the Primitive Circle ad be, and the 
Arch ma of the Primitive Circle in- 
tercepted between the Quadrantal 
Arches mc, ca, is the Meaſure of 


=» * 


ca, will give the Number of Degrees 


ir Caſe 2. 5 
If the angular Point be in the Periphery of the Primitive Circle at 
d, then the Arches d n, d ꝗ, that conſtitute the Spherical Angle m dg, 
being produced to a and t, till d a and dt are Quadrants, will cut 


off the Arch at of the Great Circle a cb, (of which the 12 


Point d is the Pole) the Meaſure of the Angle ad t, and 

fore (by Prob. the 7th) a Ruler laid over the angular Point d, and 
the Extremities a and t of the Arch at, will cut off an Arch a x of 
the Primitive Circle, equal in quantity to the given Angle a dt, and 


which applied to the Line of Chords, will give the Number of De- 


grees it does contain. 


_ deſcribed about the angular Point c, is 


. the Angle mc a, and being applied 
to a Line of Chords whoſe Radius is 


* | Wb. And 
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And becauſe the Arch cp of the ſame Great Circle a ch, inter- 
cepted between the Poles cand p, of the Arches md, d 4, that con- 
fſtitute the Angle mdg, is equal to the Arch a t, theMeaſure of the 
1 fame Angle: It a Ruler be laid over the angular Point d, and the 
= ' Poles c and d, or a couple of Lines be drawn from the Point d thro' 
the Pole c and d, they will cut off an Arch ey in the Primitive Cir- 
de, equal to the Arch a x, equal in quagtity to the given Angle 
mdg. EN TN | . 
9 6 Keats, becauſe the Great Circle a cb, deſcribed about the angu- 
al lar Point d as a Pole, is a Right Circle; therefore the Arch cp con- 
tained between the Poles c and p, of the conſtituent Arches m d, 
and 4g, applied to the Line Semi. tangents will give the quantity of 
* the given Angle m dg: Or, the Arch er applied to the ſame Line 
2 of Semi-tangents, will, give the Complement of the ſame Angle md q 
to be meaſured. | . 
Again, it is manifeſt, that the Arch : s of the Great Circle a6, 
contained between the Quadrantal Arches de, ds, that form the 
Angle 9dr, equal to the Arch p x of the ſame Great Circle ac, 
intercepted between the Poles p and z, of the Conſtituent Arches 
d, dt, is equal in quantity to the given Angle q dr ; theretore, 
Lines dx, du, dy, dn, drawn from the Point d, thro” z and s, p 
and:z, the Extremities of the Arches 25 and p z, will cut off Ar- 
ches xu and y u, in the Primitive Circle, equal in quantity to the 
Angle q dr to be meaſured. | | 
4 . Caſe 3. 


3 If the angular Point be within 


= | | X*x the Primitive, Circle at z, about the 
3 8 | Point z as aPole, Let the Great 
= 6 4 C.ircle zo» pibe drawn ; 
{ * Then becauſe the Arch 20 
1 - 4 . 6 <qual to z p, is the Meaſure of 
IE 
3 a 


F 


the Angle uo equal to the Angle 
d n x, if Lines nu, nor, and nz E, 
and zpz be drawn, from the an- 

- gular Point u, thro” the Extremities 
,# and o, z and p, of the Arches 
p uo and ⁊ p, they will cut off the 
Arches r and & i in the Primitive 
| Circle 


by, © 
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Circle, equal in quantity to the Angle dax; which arches applied 
to the Line of Chords, will give the Number jof Degrees it does 


And becauſe the Great Circle « 0£ p, deſcribed about the angular 
Point & as a Pole, will always paſs thro' the Polesz and p, of the Con- 
ſtituent Circles x u, dn, if the Great Circle #0  p be not drawn, 
yet if Lines 14, nk, be drawn thro' the angular Point u, and the 
= Polcs z and p of the Circles xn, d n, that conſtitute the Angle di x, 
che Arch E i cut off in the Primitive Circle, is equal in Value to the 
Angle d n x to be meaſured ; and being applied to the Lixe of Chords, 
it will give the Number of Degrees it does contain ; and this is the 
uſual Way of meaſuring Angles that fall within the Primitive Circle. 


a Problem 11. 


Thro' a given Point, to draw a Great Circle that ſhall be Per- 
pendicular to a given Great Circle; or which is the ſame thing, 
that ſhall cut the given Great Circle at Right-angles. . 
This Problem is only one particular Caſe of the gth Problem, where 
the Angle to be projected is a Right Angle, but becauſe it frequent- 
ly occurs in the projecting of Right-angled Spherical Triangles, and is 
of Uſe in the Solution of Oblique-angled Spheric Triangles, I ſhall give 
it here a Place by its ſelf, and ſhall Exemplify it thro” the various 
sg of the given Point, with regard to the given Great Circle. 
Becauſe the Pole of any Great Circle -is diſtant from that 
Circle by the Arch of go Degrees or a Quadrant, meaſured in a 
Great Circle paſſing thro the given Pole and the given Great Circle. 
Hence it is, 1 | * 
1. That if one Great Circle paſs thro the Poles of another Great 
Circle, it will cut that Great Circle at Right-angles; and on the 
CONtrary- | | | * 4 i | 

2. That if one Great Circle cut another Great Circle at Right». 
angles, it will paſs thro” that Circle's Poles, and hence we learn a 
general Solution of this Problem, viz. Thro' the given Point and 
the Poles of the given Great Circle, draw a Great Circle, and the 
thing is done, | n 3. HP! 


Fifa Caſe 


MM 0 Sure —— 


2 . me _ Caſe 1 


it he given Great Circle be the Primitive Circle ad be, and the 

given Point be r or n. 
T hro' the given Point r or n and the Pole e of the Primitive Circle, 
draw the Right Circle cr and the thing is done; and ur is the 
Perpendicular required to be drawn. 40 
x | ES f 
| 5 ö 1. If the given great Great FM 12 
cle be a Right Circle as ac b, and 7 
the given Point be c the Center of 
the Primitive Circle. : 


Thro' the Poles d and e of the 
given Right Circle, and the given 
Point c, draw the Right Circle 
dee and the thing is done; and 

doœe is the a ee required 


=_— ; * 5 Fa 3 oO to be drawn, | 
3 ; GA : : e f 


2. If the given Great Circle be 

a Right Circle as ach, and the gi- 
3 | ven Point be t or x. 

Thro' d and e the Poles of the given Great Circle, and the given 

Point : or u, draw the Oblique Circle 4z t e and the thing i is done ; 

and nt is the n required to be — . 


5 * 
A hy Caſe 3 
Eibe given Great Circle be an Oblique Circle as * h, and the 
| given Point be d or o. 8 


Thro' the given Point d or o and the Pole ⁊ of the given Great 

Circle x q B, Tis the Arch of the Great Circle do z, then will do 
be Perpendicular to the Oblique Circle given x9 h. 

* If the given Point be x, and the given Great Circle be 


et 


Thro' 
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Thro' p the Pole of the given Great Circle, and x the given Point, 
draw the Great Circle p x s, till it meet the Great Circle et d pro- 
duced in , then will x s be a Perpendicular to the Great Circle 


et d drawn from the Point x. 5 
| "5 Pie 12. 


Two Great Circles given, by Poſition forming with each other 
a given Angle, let it be required to draw another Great Circle 
that ſhall form two Angles with the two given Great Circles, equal 
to two given Angles, each to each reſpectively, provided that the 


three given Angles be greater than a Semicircle. 
It is a known Property of a Sphepical Triangle (and will be de- 


monſtrated in the next Section Page 49, and which the Reader ought co 
be acquainted with before hand) that if the three nearer Poles of the 
Sides of any Spherical Triangle be connected together by Arches 
of Great Circles, they will with thoſe Arches conſtitute a Spherical 
Triangle, whoſe Sides will be equal to the Angles of the Triangle 
firſt given, except that the greateſt Side will be the Supplement of, 


the greateſt Angle. 5 | 
And hence we are taught a ready Solution of the Problem before. 


us, viz. by drawing a Parallel about each of the Poles of the two given 
Great Circles, at the diſtance of the Quantity of the Angle, that the 
Great Circle to be drawn muſt form with, the reſpective Great Circle, 
whoſe Pole is taken, and where theſe tuo Parallels inter ſect each other, 


it will give the Pole of the Circle to be arawn. , 


But if either or both of the given Angles be Obtuſe, then inſtead - 
of the Angles you muſt make Uſe of their Supplements, 


0 Example. | | 
Let dbe and due be the two given 
Great Circles, forming with each other 
the given Angle nd x, Let x»h be the 
Circle required to be drawn, forming- 
with the Great Circle 465 e the Angle 
4d x x, and with the Circle dne the Angle 
An x, each equal to any aſſigned quantity. 
1 7 About p the Pole of 
| the. Circle dne, deſcribe the Small 
e ; | Circle 
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Circle v £, at the diſtance or quantity of the Angle ds x, alſo. about 

c the Pole of the other Circle dbe, deſcribe the Small Circle t, at 
the diſtance of the quantity of the Angle dx x, where theſe two 
Small Circles interſe& each other in the Point z, is the Pole of the 
Circ+: x» h to be drawn, and if the Tangent of the Angle dx ꝝ be 
ſet off in the Line cz from c to 4, then will q be the Center of the 
ſame Circle x to be drawn. - » 

Whoſoever is well acquainted with what has been ſaid of Pro- 
jections in the former Section, will readily ſee the Reaſon of every So- 
lution in this Section; and tis for this Reaſon that I have not | 
to every particular Theorem: or Corollary in the 1ſt Section, upon which 
the ſeveral Solurions given in this Section depend; but having 
ſhewn a great Variety of ways of deſcribing any Great or Small 
Circle in any Projection, and of meaſuring any Part or Portion of it 
when projected, I ſhall proceed in the next Section, to conſider the 
Affections and Properties of the ſeveral Triangles made upon the 
Surface of the Globe, by the mutual Interſe&ions of the Great Circles 
deſcribed*upon it. | | 8 


| Section III. e © 
Of Spherical Trigonometry. 


| * > | 
„ S a Plane Triangle, the Subjeavot Plane Trigonometry is for- 
| med by the mutual Interſe&ion of three from Lines up- 
on a Plane Surface, ſo a Spherical Triangle the Subject of Spherical 

_ Trigonometry, is formed by the mutual Interſection of three Great 
Circles on the Surface of the Sphere. 

2. So that as each Angle of a Plane Triangle is formed by the 
meeting together of two Right Lines on a Plane Surface, each Angle 
of a Spherical Triangle is formed by the meeting together or Inter- 
ſe&ion of two Great Circles on a Spherical Surface. 

. n 3. Again 
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3. Again, as a Plane Angle is meaſured by the Arch of a Circle, 
deſcribed about the angular Point as a Center, and intercepted be- 
tween the Lines which form the Angle; ſo a Spherical Angle is 
meaſured by the Arch of a Great Circle, deſcribed about the angu- 
lar Point, on the Surtace of the Sphere, and intercepted between 
the Circles which conſtitute the Angle, | 

4. Hence it is, that if the Sides that contain the Spherical Angle 
are continued till they are Quadrants, then the Arch of the Great 
Circle (of which the angular Point is the Pole) contained or inter- 
cepted between them, is the Meaſure ofthe Angle. 

5. Hence it is, that a Spherical Angle is the ſame with the Inclina- 
tion of the Planes of the twoGreatCircles which conſtitute theAngle - 
6. Hence it is, that the oppoſite Angles 


a and b at the Interſections of any two 
Great Circles are equal. | . . 

And ſince the Arch of a Great Circle is the neareſt diſtance be- 
tween two Points upon the Surface of the Sphere, as a ſtrait Line 
is the ſhorteſt Tract between two Points upon a Plane Surface, it 
will be proved after the ſame manner as in Plane Trlangles. 

7. That one Arch of a Great Circle falling upon another, makes 
two Angles equal to two Right-angles. 2 

8. That the oppoſite Angles made by the Interſection of two 
Great Circles are equal. | | 

9. That if one Angle and the two containing Sides of one Sphe- 
rical Triangle, be equal to one Angle and the two contrary Sides 
of another Triangle, or if one Angle and the two adjacent Sides of 
one Triangle, be equal to one Angle and the two adjacent Sides of 
another Triangle, or if the three Sides of one Triangle be equal to 
the three Sides of another Triangle, each to each reſpectively, then 
the remaining parts of one Triangle arc equal to the remaini 
parts of the other Triangle, each to each reſpectively; and the two 
Triangles are equal. | op Re | 

10. That an Equicrural Spherical Triangle hath its two Angles - 
at the Baſe mutually equal; and on the contrary, if the Angles at 
the Baſe are equal, the oppoſite Sides are equal alſo; © 

11. Triangles mutually Equilateral, are alſo mutually Equiangular. 

12. That the greateſt Angle of every Triangle is oppoſite to the 
greateſt Side, and on the contrary, the greateſt Side ſubtends the 
greateſt Angle. | That 
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13. That any two Sides of a Spherical Triangle taken together 
are greater than the third that remains. 2 

| PR 154 Again, . 90 1 0 
Since al Great Circles cut each other into two equal parts, as 
has been proy'd in the fir Section it follows, » - ts 
14. That every Side of a Spherical Triangle is leſs than a Semi- 


3 


circle or 180 Degrees. 1 J 

For -d b one Side of the Spherical 
Triangle 46 a, is leſs than the Se- 
micircle dbc, and d à is leſs than 


dac. 


3317 That the Sum of the three Sides of any Spherical Triangle, 
is leſs than a whole Circle or 360 Degrees. * 4 

For a is leſs than he and ac: taken together, (by the 13th 
preceding Are.) and conſequently ba, bd, and d a, &c. taken 
together are leſs than d bc and d ac (by the 16th Geom. Axiom) 
leſsthan two Semicircles or 360 Degrees. Ze 
16. From the 4h preceding Art. it follows, that the Poles 6, d, 
c, of the Spherical Triangle BDC when connected together by Ar; 
ches of Great Circles, will with thoſe Arches conſtitute a Spherical 
Triangle dc, whoſe | | 19 

Si 


5 Angles, 3 
| 1 <> J are equal to the Supplement of the Angles f 
| | About the Points B, D, and C, 


1 z⁊ãs Poles, deſcribe the Great Circles 
„ b bpcam, goc dt, andbsdan.. 

0 50 Now c being the Pole of BD, cm 

 F—D__L is a Quadrant, and equal to pb; b 

t FE being the Pole of B C, add to each 


| &7/ * *H 1 1 part the interjacent Arch pc, and 

—_ N the whole Arch c b will be equal to 

= IT ICY , the whole Arch * m, 5 

3 r of px, the Meaſure of the Angle 
"14:" 0g 2 2 5. _ 


Again, d being the Pole of dc, dn equal to a Quadrant is equal 
to , add to each the interjacent Arch 3d, and it will make d e- 
qual to 1; the Supplement of the Arch » s, the Mzaſure of the 


Angle at C: Laſtly, 


— n 
e 


1 
WET 
8 
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- Laſtly, From the Arch do equal to a Quadrant, equal to the 
Arch c, take away the Arch co, and there will remain dc equal to 
0q, the Meaſure of the Supplement of the Angle at a 
17. Hence it is manifeſt, that the Triangle duc conſtituted. be- 
tween the three nearer Poles d, a, and c, of the Triangle BDC, hath 
its Sides da, ac, and de, equal to the Angles C, B, and D, of 
the Triangle BDC, and its Angles d, a, and c, equal to the Sides 
DC, DB, and BC, of the fame Triangle (except that the greatelt 
Side dc of the Triangle d ac, is equal to the Supplement of the 
greateſt Angle D of the Triangle BDC, and the greateſt Angle at a 
the Supplement of the greateſt Side BC.) | 8 
18. Wherefore, Since the three Angles of any Spherical Triangle 
being given, the three Sides of another Spherical Triangle are known, 
whoſe Angles are equalſo the Sides of the former Triangle (except that 
the greateſt Angle of the Triangle given, is equal to the Supplement 
of the greateſt Side of the Triangle found ; and the greateſt Angle of 
the Triangle found, is equal to the greateſt Angle of the Triangle 
iven) it follows, that the three Angles of any Spherical Triangle 
being given, the Sides may be eaſily found, and on the contrary, 
= _ of a Spherical Triangle being given, the Angles may be 
eaſily had. | „ | | 
1 4 Hence and from the 15th-it follows, that the three Angles 
of any Spherical Triangle taken together, are greater tha two 
Right-angles, or 180 Degrees. Pp 
For by the 15th, bd, de, kc, the Supplements of the Angles 
C, D, and B, of the Triangle BDC, taken in one Sum is leſs than 
four Right-angles, that is ſix Right- angles leſſened by the Sum of 
the Angles C, D, and B, of the Triangle BDC, are leſs than four 
Right- angles; that is, rwo' Right-angles leflened by the Sum of the 
Angles C, D, and B. is leſs than nothing. Wherefore, the Sum of 
the Angles C, D, and B, is greater than two Right-angles or 180 
Degrees. | = N 63 4 
Or thus, 4a and ac the Meaſures of the Angles C and B, taken 
together in one Sum, are greater than dc the Supplement of the Angle 
at D; and ſince de and its Supplement make but two Right- angles, 
d a and ac and the Supplement of 4c ſhall make more than two 
Right-angles, that is, the Angles B, D, and C, taken together, 
make more than two Right - angles, or 180 Degrees. 
Or thus, c q (the ay of dc) da and ac the Meaſures of 


88 the 
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the Angles D, C, and B, of the Triangle BDC together with the 


Sides Of rhe Triangle 4 bc, make three Semicircles-or 540 Degrees, 


but the Sum of the Sides of the Triangle d bc is leſs than two Se- 
micircles or 360 Degrees, (by the 15th Ar.) therefore the Meaſures 
ol the Angles D, C, and B, are greater than two Right-angles ; that 
is, the Sum of the Angles of the Triangle BDC is greater than two 
Right- angles or 180 | 


20. And becauſe (by the 7th Ar.) the Sum of the Internal and 


External Angles of any Spherical Triangle is equal ta-ſix Right-an- 
gles, it follows, that the Sum of the Angles of any Spherical Tri- 

angle is leſs than ſix Right-angles or 540 Degrees. | 

21. Hence it is manifeſt, that in any Spherical Triangle, the Sum 
of any two Angles is greater than the Supplement of the third that 
remains, and conſequently the External Angle 1s leſs than the Sum 
of the two inward and oppoſite Angle: * 

22. If the Sum ot the Legs of any Spherical Triangle be equal to 
a Semi- cirele or 180 Degrees, the Internal Angle at the Baſe ſhall 


be accordingly equal to the out ward and oppoſite Angle. 


For If 4b and ba taken toge- 


ther be equal to the Semi-circle 
db c, then ba is equal to be (by 
the 34 Geom. Axiom) and conſe- 
_ quently the Angle bac is equal to 
the Angle c, (by the 10th preceding 
Arx.) which is equal to the Angle 4 
| (by the 6h preceding Ar.) Where- 
| 2 ore the Angle d is equal to b ac. 
23. If the Sum of the Legs be greater than a Semicircle, the In- 
ternal Angle at the Baſe is accordingly greater than the outward and 
oppoſite Angle, b oo ha 
For if d and ab taken together be greater than the Semicircle 
dbc, then is ba greater than bc (by the 187 Geom. Ax.) and 
conſequently the Angle hac is leſs than the Angle c (by the 12th 
preceding Ar.) which is equal to the Angle 4 (by the 6:4 preceding 
Ar.) Wherefore, the Angle at d is greater than & ac. * 


24. If the Sum of the Legs be leſs than a Semicircle, the Angle 
ſs than the outward and oppoſite Angle. 


at the Baſe is accordingly le 
SY THE | Ws 
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If 43 and 4a taken together be leſs than dbc then ba is lefs 
than b c (by che 1875 Geom, Ax.) and conſequently the Angle b ac 
is greater than w He) at c (by the 12th preceding Ar) which is 
equal to the Angle d (by the 6th preceding Ar.) Whexeſore, the 
Angle d is leſs than the Angle bac. | : a 

25. If che Sum of any two Sides of a Spherical Triangle be equal 
to a Semicircle, the Sum of the oppoſite Angles ſhall be accordingly 
equal to a Semicircle or two Right-angles. 3 

For, if 4b and ba taken together, be equal to the Semicircle 
d bc, then the Angle at 4 equal to the Angle at c is equal to the 
Angle bac (by the roth preceding Ar.) bur the Angles dab and 
b ac make together two Right-angles (by the 7:h4 preceding Ar.) 
Wherefore, the Angles 6d @ and þ ad do together make two Right- 
angles or 180 Degrees. 3 2 85 : 

26. If the Sum of the two Sides be greater than a Semicircle, the 
Sum of their i 5 — Angles ſhall accordingly begreater than a Semi- 
circle or two Right-angles. | 2 

For, if 4b and ba taken together be greater than the Semicircle 
db c, the Angle at d is greater than b Ac (by the 23d preceding A.) 
but bac and bad taken together make two Right- angles (by the 
7th preceding Art.) Wherefore, bd a and b ad taken together, . 
ſhall 2 than two Right- angles or 180 Degrees (by the 1615 
Goem. Ax. | 

27. If the Sum of the two Sides taken together be leſs than a 

Semicircle, the Sum of their oppoſite Angles ſhall accordingly be 
leſs than a Semicircle. #4: | | 

If 4b and b a taken together be leſs than the Semicircle 43 c, 
then the Angle at d is leſs than the Angle hac (by the 23d pre- 
ceding Ar.) but the Sum of the Angles 4 ab and bac make juſt a 
Smicircle (by i he 7th preceding Art.) Wherefore, the Angles d and 
d a b taken together ſhall make leſs than two Right- angles or 180 De- 
grees (by the 16th Geom. Ax.) | 

28. Hence it is manifeſt, that in an Equicrural Spherical Tri- 
angle, if one of the equal Legs be greater than, equal to, or leſs 
than à Quadrant, the oppoſite Angles at the Baſe ſhall be each ac- 
cordingly, greater than, equal to, or leſs than a Right-angle, or 


90 Degrees. 


6883 17. 


Spherical Trigonometry. 

RS, 29. If from any Point a, (except the 
{ Dole pof the Circle bhgec, ſeveral 
Arches of Great Circles as ab, ah, 

| ag, af, ae, &c. be drawn, till they 
e cut the Circumference of the great 
| Circle &hge c, the greateſt is ab, 
which poten thro* p the Pole of the 


WO given . Great Circle, and the leaſt is 
122 ae the part contained between the 
WY Point a and the Circumference ; and 


of all the other Arches the Arch a h 
2 neareſt to that which was drawn thro* 
the Pole p, is greater than a g which is removed farther oft, and ag 
greater than af, &c. but the Angle h a b is leſs than g ab, leſs than 
Fab, &c. and if g be the Pole of the Circle 4 ae, the Angle 4% 
is Acute, and a h greater than a Quadrant; alſo the Angle g a þ is 
a Right-angle, and ag equal to a Quadrant, and the Angle Fab 
Obtuſe, and a-F leſs than a Quadrant. 5 9 
For becauſe þ is the Pole of the Circle bg ec, the Arches p 6, 
2h, Pg, are equal, therefore a p + p b-is equal to ap + h (by the 
2d Geom. Ax.) but a pt p h is greater than a H (by the 13th.) Where 
fore, a b—=ap+pb is greater than a 55. 
Again, ap+tph is equal to ap+pg, therefore, whereas the 
Angle ap h is greater than ap g, the Baſe a h is greater than ag 
Atter the fame manner it may be proy d that ag is greater than 
Again, hae is equal to g e, which is equal to pf,. but pF is 
leſs N a Tay (by the 13th) Therefore, 4 e 18 od af (by 
the 18th Geom. Ax.) and the ſame will happen whereſoever the Point 
Fis taken; wherefore ae is the leaſt of all the Arches that can be 
drawn from the Point a upon the Circumference b h. 
| Again, becauſe g is the Pole of the Cucle 3 a e, the Angle gab 
is a Righr-angle, and g equal to a Quadrant, whereſore, the 
Angle ha b is an Acute Angle, and + k leſs than a Quadrant, but ah 
greater, alſo the Angle Fal is an Obtuſe Angle, and the Arch fb 
reater than a Quadrant, but 2F leſs, and this will happen wWhere- 
ve the Points and h̊ are taken, provided they be placed on con- 
trary Si. les of the Points g. * dhe. | 
30. Hence it is that the Legs of a Right-angled Spherical Tri- 
angle are of the ſame kind with their oppolite Angles, For in the = 
| % —Y angle 


- 
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angle b ha, becauſe ba is greater than the Quadrant b p, the Angle 
h is greater than the Right-angle 5 % p, and in the Triangle hae 
W becauſe ae is leſs than the Quadrant p e, the Angle e h a.isleſs than 
WT the Right-angle ef. 4 

11. Again, If the Lege, and conſequently the Angles are of the 
ſame kind, that is, both greater or both leſs than Quadrants, the 
ET Hypothenuſe ſhall be leſs than a Quadrant, thus in the Triangles 
74 and fa e, where the Legs ab and bf in one, are greater than 
= Quadrants, and the Legs ae and ef in the other leſs than Qua- 
drants; the Hypothenuſe af is ks than a Quadrant: Bur if the 
Legs are of a different kind, that is, one greater and the other leſs 
than a Quadrant, the Hypothenuſe ſhall be accordingly greater than 
a Quadrant; thus in the Triangle 2 0%, where ab is greater and 
b h leſs than a Quadrant, the Hypothenuſe a h is greater than a 
Quadrane** ic 22” OE OGG. 
32. Wherefore, If the Hypothenuſe of a Right-angled Triangle is 
leſs than a Quadrant or 90 Degrees, the Legs and conſequently the 
Angles are ſimilar; that is, both greater or leſs than Quadrants : 
and on the contrary, if the Hypothenuſe be greater than a Quadrant 
the Legs and conſequently their oppoſite Angles ſhall be one leſs the 
other greater than a Quadrant or go Degrees. 

33. If the Hypothenuſe be leſs than a Quadrant or go Degrees, 
each of the Legs ſhall be ſimilar to its adjacent Angle; that is, if 
the Leg be greater than go Degrees or a Quadrant, the adjacent 
Angle ſhall be greater than go Degrees or a Quadrant, and on the con- 
trary, thus in the Triangle f 46, where the Legs b a and bFare each 
greater than Quadrants, the adjacent Angles b af and a are each 
greater than Quadrants ; alſo in the Triangle a fe, where the Legs 
ae, ef, are each leſs than Quadrants, the Angles at a-and f are 
Acute. Wherefore, Vice Verſa, if the Leg of a Right-angled Tri- 
angle be ſimilat, or of the fame kind with its adjacent Angle, the 
Hypothenuſe ſhall be leſſ than a Quadrant or 90 Degrees. 

34. If the Hypothenuſe be greater than a Quadrant or 90 De- 
grees each Leg ſhall be diffimilar to its adjacent Angle; thus in 
the Triangles h ab and he, in each of which the Hypothenuſe a5 
is greater than a Quadrant, the Angles eah⁵ and ah adjacent 
to the Sides ae and bh, each of which are leſs than Qus- 
drants, are Obtuſe, but the Angles ahe and Hab, which are adja- 
cent to the Legs he and ba, each of which are greater than Qua- 
| | drants 
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dtants are Acute; and on the contrary, if either of the I. | 12 
Mmilar to its adjacent Angle, the —— ſhall be Jes char 


A Quadrant. | \ " 
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70 a Section IV. 1 
Containing 4 Demonſtration of ſome uſeful Theorems 


commonly call d Axioms, by which the ſeveral C 1 
Right- angled Spherical Triangles are wg 7 


Propoſition the 1ſt or Axiom the 1, 
Y N Right-angled Spherical Triangles having the ſame Acute An- 


1 gle at the Baſe | 
The Sines of the Hypothenuſes are in direct Proportion to the Sines 


of the Perpendiculars tand on the contrary. 


F 
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Let the upper Quadrant of the Semicircle A E C be turned about 
upon its Axis A a, till the Sectors of the Circles a D E, a BC being 
erected perpendicularly over the Lines aD, a B, the Points E and 
co of the Quadrant AEC, coincide with the Points E and C of the 
Sectors 4 BE and a BC, then will be formed two Spherical Tri- 
angles ABC and ADE f at B and D, having the Acute 
Angle BAC or DAE at the Baſe common to both: | 

From the Point E draw ER a Perpendicular to the Axis a 4; 
„(and Ee a Parallel to it) then will e a equal to ER, be the Sine of 
tue Hypothenuſe EA of the Triangle AED, as is ac is the Sine of 

the Hypothenuſe AC of the Triangle ABC, alſo from e (in the Sector 
a BC) let fall the Perpendicular ef, which will be equal to E F (in 
the Sector a D E) the Sine of the Perpendicular DE of the Tri- 
angle ADE) for the Right-lined Triangks REF ard aef are 
equal, by the 1ſt Geom. Prop Part the 1 f.) as is e H the Sine of 
the Perpendicular -c B of the Triangle ABC. | 

Wherefore in the Sector a B C, becauſe ef and c Hare each perpen- 
dicular to a B and conſequently parallel, it will be as aC to ae, 
ſo is CH to ef. That is, | 
As the Sine of the Hypothenuſe 4C of the Triangle ABC, 

To the Sine of the Hypothenuſe AE of the Triangle ADE ; 

So is the Sine of the Penpendicular BC of the Triangle 4BC, 
To the Sine of the Perpendicular DE of the Triangle ADE. 
| Or, As c A toef, ſoisaC to ae. That is, 
As the Sine of the Perpendicular BC of the Triangle ABC; 

To the Sine of the Perpendicular DE of the Triangle ADE; 
So is the Sine of the Hypothenuſe AC of the Triangle ABC, 
To the Sine of the Hypothenuſe AE of the Triangle ADE. 


f | - 1M 2. ; 
x Propoſition the zd, or Axiom the 2d. 


In Right- angled Spherical Triangles having the ſame Acute Angle 
at the aſe, the Sines of the Baſes are in Ditect Proportion to the 
Tangents of the Perpendiculars; and on the contrary. 

From the Point D (in the former Scheme) draw DS a Perpendicu- 
lar, and D d a Parallel to the Axis or Radius A a, then will ad e- 
qual to DS; be the Sine ot the Baſe AD of the Triangle ADE, as. 
is A B the Sine of the Baſe AB of the Triangle B. 


From 
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From d in the Sector a BC draw dg a Perpendicular tothe Baſe a B, 
which will be equal to DG in the Sector aDE, the Tangent of the 


Arch DE the Perpendicular of the Triangle ADE, (For the Right- 
lined Triangles RD and ad g are equal (by the 24 Geom. Prop, 


of Part the 1ft.) as is BK a Perpendicular, to aB from the Point T4 
B, a Tangent of the Arch BC the Perpendicular of the Triangle 


A B m7 | > | \% { 25 
_ Wherefore, becauſe in the Sector a K, dg and BX are each Per- 
pendicular to a B, and conſequently parallel ro each other, it wil! 
be, As AB to Ad, ſo is BK to d g. That is, err 
As the Sine of the Baſe 4B of the Triangle ABC, 
To the Sine of the Baſe AD of the Triangle DE; 
So is the Tangent of the Perpendicular BC of the Triangle ABC, 
To the Tangent of the Perpendicular DE ot the Triangle ADE. 
And on the contrary, As BK to dg, ſo is AB to 44. That is, 
As the Tangent of the Perpendicular BC of the Triangle AC, 
To the Tangent of the Perpendicular DE of the Triangle ADE, 
So is the Sine of the Baſe AB of the Triangle ABC, * 
To the Sine of the Baſe AD of the Triangle ADE. 
Let ab repreſent the Baſe of a Spherical Triangle a / e Right- 
_ angled at &, then will-b c be the Perpendicular, ac rhe Hypothe- 
2 nuſe, , bac the Angle at the Baſe, and 
ac the Vertical Angle, or Angle at 
the Perpendicu lan. 


Produce the Sides ah, ac, and 
bc, till a d. ae, ci, and ch, ate 
Quadrants,' and about the Points a 
and c as Poles, deſcribe the Great 
Circle 4 ef g, and i bg, then will the 

. Angles at d, e, i, and h, be Right- 

angles, F the Pole of the Circle a bd, 

| and g the Pole of rhe Circle aces; 
e Alſo hd the Complement of ba, and 
sf the Complement of fe equal to e d, the Meaſure of the Angle 

at a, in like manner hf the. Complement of Fc is equal ta «4, 
and i e the Complement of c e equal to ac; alſo g h the Comple- 
ment of þ z, the Meaſure of the Angle hci equal to ac; thele 

things being premiſed it follows, © 

”_ 1. 4 hat 


proportional. 


a 4s ; | 7 \ 8 | 
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1. That the Radius, the Sine of the Hypothenuſe, the Sine of 
the Angle at the Baſe, and the Sine of the Perpendicular, are directly 


. Or, a 
The Radius, the Sine of the Hypothenuſe, the Sine of one of the 


5 | adjacent Angles, and the Sine of the oppoſite. Side or Leg, are di- 


rectly proportional. | : 
For in the two Spherical Triangles abc and ade, Right-angled 


at band d, becauſe bc is leſs than a Quadrant, its oppoſite Angle 
a at the Baſe common to both Triangles will be Acute. Wherefore, 
by the 1/# Propoſition it will be, As S.ae:S.ac::S.ed:S.cb. 
That is, becauſe age is a Quadrant, As the R:S.ac::Sbac: 
S. bc. | | | 
2. The Radius, the Sine of the Baſe, the Tangent of the Angle 
at the Baſe, and the Tangent of the Perpendicular, are directly pto- 


rtional. 
PO Or. 


The Radius, the Sine of one of the Legs, the Tangent of the ad- 
jacent Angle, and the Tangent of the other Leg, are directly pro- 
portional. 2 — _— - 

For becauſe bc is leſs than a Quadrant, the two Spherical Trian- 
gles abc and ad e Right- angled at & and d, will have the ſame Acute 
Angle bac at the Baſe ; wherefore, by Prop. the 2d it will be, As 
the Sine of a d to the Sine of a b, ſo is the Tangent of de to the 
Tangent of bc ; that is, becauſe a d is a Quadrant, As R: S. 4 b:: 
t, lac: t, be. 5 | | 

3. The Radius, the Co- ſine of the Baſe, the Co-ſine of the Per- 
pendicular, and the Co- ſine of the Hypothenuſe, are directly pro- 


rtional. 8 
95 Or 


-- The Radius, the Co-ſine of one of the Legs, the Co-ſine of the 


other Leg, and the Co-ſine of the Hypothenuſe, are directly pro- 
ortional. Ma | 

g For in the two Spherical Triangles f 4, fec, Right · angled at d 
and e, becauſe c e the Complement of ac is leſs than a Quadrant, the 
Angle cf e at the Baſe common to both I will be Acute; 
wherefore by the 1ſt Prop. it will be, As S. Fh: S. d:: S. Fe: S. ce. 
That is (becauſe / b is 90 Degrees) As R: S, abi: cs, c: cs,: ac. 
4. The Radius, the Co- ſine of the Angle at the Baſe, the Co- 
— | ' tangent 
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tangent of the Baſe, the Co-tangent of the Hypothenuſe, are di- 


rectly proportional. 
Or, 


The Radius, the Co- ſine of one of the An les, the Co-tangent 
of its adjacent Leg, and the Co-tangent of the pothenuſe, are di- 


- rectly proportional. 


For in the two Spherical Triangles fd b, Fe 7 -Right-angied at 
d and e, becauſe c e the Complement of ac is leſs than a Quadrant, 
the Angle cy e at the Baſe common to both the Triangles will be 
Acute. Wherefore by the 2d Prop. As S. Fd: S. fe: t, id: t, ce. 
That is becauſe fd is a Quadrant, As R: cs, bac: : c tab: ct, ac. 

5. The Radius, the Co- ſine of the Perpendicular, the Sine of 
the Angle at the Perpendicular, and the Co ſine of the Angle at the 
Baſe, are directly proportional. 


0. 
The Radius, the Co- ſine of one of 3 the Sine of its ad- 
jacent Angle, and the Co- ſine of its oppoſite Angle, are directly 
proportional. 

For in the two Spherical Triangles c i h, c ef, Right-angled at i 
and e, becauſe fe the Complement of e 4, the Meaſure of the Angle 
a is leſs than a Quadrant, the Angle at the Baſe f ce equal to a cb, the 
Angle at the Baſe ce common to both the Triangles will be Acute; ; 
wherefore by Prop. the 1/t, As S. ch: S. c F:: S. h: S. Fe; that is, 
becauſe ch is a Quadrant, As R: cs, Ic: 287 cs, Bac. 

6. The Radius, the Co- ſine of the Hypothenuſe, the Tangent of 
the Angle of the Perpendicular, and the Co-tangent of the BAIT at 


the Baſe, are directly proportional. 


The Radius, the Co-fine of the Moran: the Taagent of 

one of its adjacent Angles, and the Co- tangent of the other adjacent 
Angle are directly proportional. 
For in the two Spherical Triangles ci, &ef, Right-atgled at i 
and e, becauſe fe the Complement of e d, the Meaſure of the An- 
gle a is leſs than a Quadrant, the Angle at the Baſe f c e common 
to both is Acute; therefore by Prop. the 2d it will be, As S. i: 
8. rr, ef; that is, becauſe ci is a Quadrant, As R: es, ac 

t. 3 144 | 

7. Hence we are taught, how from any two Parts of a Ri 
angied Spherical Triangle (beſides the Right- angle) to find the 2 
or 
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for Example, Suppoſe the Hypothenuſe and Angle at Baſe were 
given, to find the Perpendicular, it will be by the 1/ Cor. As the 
Radius to the Sine of the Hypothenuſe, ſo is the Sine of the Angle 
at the Baſe, to the Sine of the Perpendicular. Again, if the Per- 
144 pendicular and Angle at the Baſe were given, to find the Hypothe- 


naue, it will be by the ſame Cor. As the Sine of the Angle at the Baſe 


to the Sine of the Perpendicular, ſo is the Radius to the Sine of the 
Hypothenuie ; alſo if the Perpendicular, and Hypothenuſe were gi- 
ven, to find the Angle at the Baſe, it will be by the ſame Cor, _ As 
the Sine ot the Hypothenuſe to the Radius, ſo is the Sine of the 
Perpendicular to the Sine of the Angle at the Baſe. 4 
After the ſame manner, by the help of the other Corollarys, may all 
the Caſes of Right-angled Spherical Triangles be Reſolved; as ſhall 
be Exemplified more at large in the nzxt Section. 
From a diligent Conſideration of the preceding Corollarys, the 
Lord Napier, the firſt Inventor of the Logarithms, contrived two 
General Rules, eaſy to be retained in Memory, by the help of which 
the ſeveral Caſes of Right-angled Spherical Triangles might cafily be 
"reſolved. For ſince in every Triangle, beſides the Right- angle there 
are three Sides and two Angles; the two Sides comprehending the 
Right- angle, together with the Complements of the other three he 
called the five Circular Parts; and becaule in every Triangle there 
are always two things given.to find a third, one of theſe three which 
he called the Middle Part is either adjacent to the other two, in 
which Caſe they are called Extreams Adjunct, or ſeparated from each 
of them by;ſome Side or Angle, which 1s neither given nor required, 
and are therefore called Extreams Disjunt ; thus, if the Compiement 
of the Hypothenuſe ac (See the former. Figure) is taken for the 
Middle Part, the Complements of the two adjacent Angles à and 
c are the Extreams Adjunct, and the two Legs a b and & c containing 
the Right- angle, are the Extreams Disjunct. | | 
Again, if the Complement of the Angle a or Angle at the Baſe, 
be taken for the Middle Part, the Complement ot the Hypothenuſe 
ac, and the adjacent Leg or the Baſe ab, are the Extreams Adjunct, 
but the Complement of the other Angle c or Angle at the Perpendicular, 
and the Perpendicular or Leg 6 c, are the Extreams Disjunct; in like 
manner, if the Baſe or Leg ab be taken for the Middle Part, the 
Complement of the Angle a or Angle at the Baſe, and the Perpen- 
dicular, are the Extreams Adjunct; for the Riglit- angle & being al- 
Hh h 2 Ways 


- 
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ways given makes no ſeparation, but the Complements of the Hy- 


pothenuſe a c, and the oppoſite Angle c, or Angle at the Perpendi- 
cular are the Extreams Disjun& ; theſe things being premiſed, the 
Reaſon of the two Rules will evidently appear, viz, "I 


Rule 1. {#5 


'That in every Right-angled Spherical Triangle, the Rectangle or 9 
Product made of the Radius and the Sine of the Middle Part, is e- 
qual to the Rectangle or Product made of the Tangents of the Ex- 4 


treams Adjunct. 
Caſe 1. Let the Complement of the Hypothennſe ac be taken for 


the Middle Part, then will the Complements of the two Adjacent 


Angles à and c be the Extreams Adjunct; and by the 6th preceding 
Corollary it will be, As R: cs. ac: t, ca: ct, ac. That is, by per- 


mutation, As R: t, ca:: cs, ac: ct, bac; but by the known Pro- 


perty of the Tangents, prov'd in Page 79, the R: t, bc a:: ct, be a 
: R; therefore, As ct, b ca: R:: cs, ac: ct, bac; and conſequently 
(by the 15% Geom. Theor.) Rxcs, ac c t, bc axct, lac. That is, 
the Radius multiplied into the Co- ſine of the Middle Part, is equal 
to the Product of the Tangents of the Extreams Adjunct, for as the 
Co- ſine of a c is the Sine of the Middle Part, fo the Co- tangents of 
the Angles a and c are the Tangents of the Extreams Adjunct. 

Caſe 2. If the Complement of the Angle a at the Baſe be taken for 
the Middle Part, the Complement of the Hypothenuſe ac, and the 
Baſe a will be the Extreams Adjun&, and by the 4th preceding 
Cor. it will be, As R: cs, ac: :ct, ab: ct, ac. That is by per- 
mutation, As R: ct, ab:: cs, ac: ct, ac; but R: ct, ab: t, al 
R; wherefore, t, ab: R:: cs, bac: ct, ac; and conſequently, 
t, a bc t, a c Rcs, bac; that is the Radius multiplied into the 
Sine of the Complement of the Angle à or Sine of the Middle Part, 
is equal to the Product of the Tangent of a ù one of the Extreams, 
into the Tangent of the Complement of ac the other Extream. 

By the ſame parity of Reaſon, if the Complement of the Angle c be 
taken for the Middle Part, the Complement of the Hypothenuſe ac 


will be one of the Extreams adjacent, and the Perpendicular the other; 


and conſequently by changing a for c the Rxc s, bc a=t, c het, ac. 
Caſe 3 If one of the Legs ab be taken for the Middle Part, then the 
Complement of the adjacent Angle at a will be one of the Extreams 
Adjunct, and the Perpendicular K the other Extream; but by the 

_ 2d preceding Cor. it will be, ASA :S.ab::tbac:t,bc; _— 

| | „ 
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utation, As Rt, lac: : S. ab t, le; but becauſe the R 
* ct, la e: R; therefore, ct,bac:R::Sab:tibe; and 
conſequently RxS. ab=t,bexctba c. That is, the Radius multi- 
plied into the Sine of a b of the Middle Part, is equal to the Product 
ol the Tangent of bc one of the Extreams, multiplied into the Tan- 
gent of the Complement of the Angle at @ the other Extream. 
Alfter the ſame manner it may be proved, that if bc the other Leg 
be taken for the Middle Part, that the Radius multiplied into the 
Fine of the MiddlePart h; c, will be equal to the Product of the Tan- 
gent of ab one of the Extreams Adjun&, multipled into the Tan- 
gent of the Complement of the Angle c the other Extream ; where- 
tore, Oc, as was to be proved. 


Rule 2. 


The ReQangle under the Radius and the Sine of the Middle Part, 
is equal to the Product of the Co- ſines of the Extreams Disjunct, 
thus if the Complement of ac be taken for the Middle Part, the 
Legs a b and bc will be the Extreams Disjun&, but by the 3d pre- 
ceding Corollary, As R: cs, ab:: cs, be:cs,ac. Wherefore, RX 
c5,ac=C8,abxcs,bc ; that is the Radius multiplied into the Sine of 
the Complement of the Hypothenuſe ac the Middle Part, is equal 
to the en of the Co- ſines of the Legs ab and bc the Extreams 
Disjunct. C HL Debs bor | 

Caſe 2. Let the Complement of the Angle à be taken for the 
Middle Part, then will the Complement of the Angle at c be one 
of the Extreams Disjun&, the Leg hc the other, but by the 5th pre- 
ceding Corollary the R:cs,bc::S.bca:cs,bac; wherefore, Rx 
cs, ba cs, b cxS.bca. That is, the Radius multiplied into the 
Sine of the Complement of the Angle a' the Middle Part, is equal 
to tne Product of the Co- ſine of þ c one of the Extreams, multiplied 
into the Sine of the Angle c, the Complement of the other Extream. 

After the ſame manner it may be proved, that if the Complement 
of the Angle at c be taken for the Middle Part, that the Radius mul- 
tiplied into the Sine of the Complement of the Angle c the Middle 
Part, will be equal to the Produ& of the Sine of the Angle a, the 
Complement of one of the Extreams, multiplied into the Co- ſine of 
a b the other Extream- 2 

Caſe 3. If ab one of the Legs be taken for the Middle Part, then 
the Complement of ac the Hypothenuſe, will be one of the Extreams 

Disjunct, 
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Disjunft, and the Complement of the oppoſſte Angle c will be the 
other Extream, but by the 1½ preceding Cor. As R: S.ac:: Sach 
S. ab; wherefore, RS. ab=S. a cx. a cb. That is, the Radius 7 
multiplied into the Sine of a 4 the Middle Part, is equal to the Sine 
of ac the Complement of one of the Extreams, multiplied into te 
Sine of the Angle at c, the Complement of the other Extrem. 
After the ſame Method of Reaſoning it may be proved, that if N 
b c the other Leg be taken for the Middle Part, that the Radius 
multiplied into the Sine of the Middle Part 6c, will be equal to the 
Product of the Sine of ac, the Complement of one of the Extreams, 
multiplied into the Sine ofthe Angle a, the Complement of the other 
Extream. Wheretore, Cc. as was to be Demonſtrated. 
Whence it follows aniverſally, that the Radius multiplied into the 
Sine of the Middle Part, is equal to the Product of the Tangents of 
the Extreams Adjunct, or to the Product of the Co- ſines of the Ex- 
treams Disjunct; and conſequently if each of theſe Equations are re- 
ſolved into Proportions, by the help of the 15 Prop. of the 1/ Part, 
the things required will be readily found. 6:6 . 93] 
For in every Equation where the Middle Part is ſought, the Ra- 
dius becomes the firſt Term in the Equation, and the Co-ſines or 
/ Tangents of the Extreams the ſecond and third Terms; but where 
one of the Extreams is required, the Co-fine or Tangent of the o- 
ther Extream will be the firſt Term, the Radius and the Sine of the 
. Middle Patt the ſecond and third Terms, and in each Proportion the 
thing required will be the fourth or laſt Term. F 
Let us ſuppoſe for Example, that the Hypothenuſe ac and the 
Angle a at the Baſe were given, to find the Perpendicular b c, becauſe 
in this Caſe the Perpendicular ic is the Middle Part, and the Com- 
plements of the Hypothenuſe a c and the Angle a at the Baſe are Ex- 
treams Disjunct, the RxS. U c=S. ba cxS-ac, by the third Caſe of 
the 24 Rule, and conſequently becauſe bc the Middle Part is ſought, 
it will be by the 18th Geom. Theor. of the Iſt Part, As Rto S. ac the 
Complement of one of the Extreams, ſo is the Sine of the Angle a, 
the Complement of the other Extream, to the Sine ot Y the Middle 
Part; that is, As the Radius to the Sine of the Hypothenuſe, ſo is 
the Sine of the Angle at the Baſe, to the Sine of the Perpendi- 
cular. | 
Again, if the Perpendicular bc and the Angle a at the Baſe were 
given, to find the Hypothenuſe a c, becauſe in this Caſe the 8 
7 icular 


7 
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dicular b c is the Middle Part, and the Complem&nts of the Hy- 
pothenuſe a c and the Angle at the Baſe @ are Extreams Disjundt 3 
the. RxS. bc=S. ba cxS. ac by the third Caſe of the ad Rule, and be- 
cauſe the Hypothenuſe a c one of the Exrreams is ſought, it will be 
by the 1576 Geom, Theor. of the 3ſt Part, As the Sine of the Angle 
a, the Complement of the other Extream, to the Radius; ſo is the 
Sine of bc the Middle Part, to the Sine of ac, the Complement of 
the Extream required. That is, As the Sine of the Angle at the 
Baſe, to the · Sine of the Perpendicular ; fo is the Radius, to the Sine 
of the Hypothenule. 

Again, it the Hypothenuſe ac and Perpendicular þ c were given, 
to find the Angle a at the Baſe, becauſe the Component Parts of 
the Queſtion are till the ſame, as in the two former Caſes, RxS.bc 
DS. ba cxS. ac, by the 3d Caſe of the 24 Rule, and becauſe one of 
the Extreams, wi. the Angle à is ſought, it will be by the 1515 
Geom. Theor. of Part the 1ſt, As the S. ac the-Complement of the 
other Extream, to the Radius, ſo is the Sine ot the Middle Part 4 c, 
to the Sine of the Angle a, the Complement of the Extream requi- 
red. That is, as the Sine of the Hypothenuſe ac, to the Radius; 
ſo is the Sine of the Perpendicular bc, to the Sine of the Angle at 
the Baſe a; agreeing exactly with the Proportions in the 7th prece- 
ding Corollary, deduced from the 1, _ ” Sag 

For the Application of this General Rule to Practice, take theſes 
following Directions, ; Sag 8 


In every Right- angled Spherical Triangle N 1 
1- The Middle Part is always a Sine, 2 © 
2* The Extreams Adjun& are Tangents, * | 2 


3. The Extream Disjunct Sine Complements, . ; 

4. The Hypothenufe and the two adjacent Angles are Comples 
mental Parts. * b 

5. It the Middle Part is ſought begin with the Radius. 

6. If one of the Extreams be ſought begin with the other. 

And for the more ready diſcovecing at firſt ſight which is the Mid- 
dle Part, and whether the Extreams are Adjunct or Disjun&, obſerve, 
thar if the three Parts of the Triangle which make up the Queſtion, 
have no Interruption between them, butare all joyned together, then 
the middle Part of the three is the Middle Part, and the other two are 
the Extreams Adjunct ; thus, if the three Parts that make the Queſ- 
tion were a c the Hypothenuſe, the Angle a the Angle at the Baſe, and 

| X ab 
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ab the Baſe, then in this Caſe becauſe the three parts are all Joyned 
together, the Angle at the Baſe is the Middle Part, and the other 
two, viz. the Hypothenuſe and the Baſe are Extreams Adjun&, in 
like manner, if the Parts that make up the Queſtion are the Angle 
at the Baſe, the Baſe, and the Perpendicular, (for it matters not 
which are given or which is required) then in this Caſe, for as much 
as the three things are all joyned together (for the Right-angle being 
known makes no Interruption) the Baſe or middle of the three is the 
Middle Part, and the other two Parts are Extreams Adjun&, bur if 
the Hypothenuſe, Angle at the Baſe, and Perpendicular, were the 
three Parts to be conſidered, becauſe the Perpendicular is ſeparated 
from the Hypothenuſe, on one Side by the Angle at the Perpendi- 
cular, which is neither given nor required, and on the other Side 
from the Angle at the Bale, by the Baſe, which is likewiſe neither 
given nor required, in this Caſe the Perpendicular or Part ſeparated 
from the reſt is the Middle Part, and the Hypothenuſe and Angle 
- at the Baſe, the other two parts of the Queſtion are Extreams Dis- 
junct, and the ſame Law is to be obſerved throughout all the reſt 
of the Caſes. * 


— 
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7 Seton. V. 


4% 
A 


to the actual Solution ofthe Sixteen Caſes of * 
angled Spherical Triangles. ks 


N every Spherical Triangle rites Parks, Me. three Sides 


the reſt may readily be found, and the vatious Queſtions ariſing 
from changing | the things given and requited are called the ſeveral 
Caſes ; and in Spherical Trigonometty are reduced to 28, viz. 16 


in Right-angled Spherical Triangles, and 12 in Oblique-angled 
Spherical 3 and are as follow. 8 


* Caſe 1. 2 


= 


> 


| Given the Baſe and Perpendicular, to find the amen. 
In the e Triangle ABC, Right-angled at B, 


o' 20 
The Ster eographic Solution.” 5 


1. Draw the Primitive. Circle — pr JESS. 8 
the Diameter f B, and at Right. angles to 3 
it d h. ts 
2. Set off the Chord of N 4o/deg: 2 
min. 20 ſec. in the Primitive Circle from 
B to C, and draw the Diameter Cg, and 
at Right-an les to it ex. - FOR 

3. Set off BA equal to 30 30 min. 
30 ſec. in the Right Circles from B to 4, 
by Caſe the 2d Prob, the 6th, Selz. the 24. 


Ti1 


77 Contiining the WY of the Four F448 Section, 


and three Angles, any three-of which being Anon or given, 


n Given the two Legs to find oy Hypothenuſe. | ** 


41 cee 30 30 1 AC. + 4 


0 


66 * Serie Trigonometry. 


4. Thro' the Points C and A, draw a Great Circle as C4 g, by 
Problem: the 1/ of Section the 34 and the thing is done; and A C 
2 8 be meaſured by the 34 Caſe of Problem the 7th, Salben the 2d. 


Logar ithmically, or by cb 


„ Produce the Sides 4B, BC; * AC, 

| P to D, F, and E, till AD, BF, and AE, 

are Quadrants, and about the Point 4 

as a Pole, deſcribe the Arch DEF, then 

in the two Spherical Triangles FBD- 
and NE Right · angled at D and E, 

A 7» and having the ſame Acute Angle F ar 

"AT = the Baſe are given, B D the Comple- 

* * - x mint of AB, CF the Complement of 

C, whence 1 * CE the Complement of AC, it will bo Ax. 


the 1/, 

| As the S; EB: S. FC +8. BD: 8. CE. That is, | 

| Becauſe EB is a Quadrant, and that the Sine of go deg..is.equal 

to the Radius ( which Law b_ be e in all the * 

Cares.) „ PG bs > 17 4 Fun 
As the Radius — 


— — 


1 0. 0900000 


: To the Co: Sine of the Perpetdioulat CB=40.30.20 9.880095 
So is the Co- ſine of the Baſe A”. 3008S % 5 9.834338 


"oy 5 E* To the Co-ſine of che. Hyporhepuſ Ace 1.04 7568 -6844433 3 
* S Ra 4 0:2" Wh Or. | = 
As the Secant of the Perpendicular” homer 3 30 20 —10.1 189905 
e = 10.0000000 
S0 the Co-ſine of the Baſe e 030 —— 9.80343 38 : 
To the Co-ſine of the Hypothenuſe A=61.0456—9: 6844433 33 . 
=p CY - | > | * 2 C 
. ö Fs SY 2 > Po cd 4 
„ * , . Or, 1 
0 
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As the Secant of the Baſe 43=y03ogo > — — — 100.1965662 
To the Radius ä * 0. AIR 
| Soi is the Co- ſine of the Perpendicular Be=40 30. ˙—9 8810095 : 
ro the co ae of the Hypothenuſe AC=61.04456—9.6844433 «x 
ee = "EF - - 


ne the two Legs, to find) : of rhe oppolite Angles. ; 


The. Baſe and Food Bed ven, ug find the ar. | 
the 15 or the Angle at the ar being gin ih | Angle | 7 


. * Example. oo" . e £5 2 
a chacherical Triangle ABC Rightdangled a1 ; 


AB= 
120 1 — 5 6 5 J ACS, 


8 


— 


N Phy ENS . 
75 * b . 


The . cap ical Conftrudtioh of I 
this Caſe is the ſame with the former, 
and the Angle at C may be mcalured by +. | 
Caſe the 2d of Problem the 1oth, of Set. 
the 2d, and the Angle at 4 Kur Cale the... 


3d of che ſame Problem.” | 1 N - + 3 
Murer 521 3” wo _ + She >. © fs < fe” 2s " _— , 7 | 
. | "OF. | *. wen 
eee eee 
Produce the Sides AB and Ac, to 0 3 1 
* N 


and E, till AD and AE are . 
and joyn the Points D and E by the 
Arch of a Great Circle DE, of which, 

A isthe Pole; then in the two Spheti- 
cal Triangles ABC and ADE, Right- 
angled at B and D, are given AB ne 
BC, whence to find DE the M 


of the Angle A, & whe by 2h: ud. W Ha 
Iii z As 


68 jon Sphivical Sinn; *: x» 
As the 8. AB: S. AD: *, BC: t, DE. That is, 1 
"As the Sine of the Baſc dw ad 30' 30” —y 9874582 


— — 


To che Rad — ——— — i oooooooo 
So is the Tang. of Perpendicular or Leg BC=40, 30-20 5 9-931 5842 


To the Tang: of the Angle a at the Baſe = $4.20 _ Theo 9 
— — © 


As the Radius 2 
To the nn of the Baſe 4: "Fs + 0. 1125418 


80 Wehe Tangent of the Perpendicular 3 30.20—9 9315 842 


70 che Tangent of the Angleat Baſe. 4=47 54-20 46441269 260 


* . * LY * r 
| | Or, 


Becauſe 1 Tangents and Co-rangents? of Arches: acts 


cally proportighd? i it will be, 


— 


* 


As t, BS ; RS, AB; gt, A. That is, - © 
As the Tangent of the Ferp. ot Leg * 0 — 5842 


To tlie 1 — 10 6000000 
* the Sine of the Baſe or Leg 4B=50. 39.30 WG 8974582 


To the Co: tangent of che Anglear Baſe, 4 =47 54-20 9. 9558740 


Aeg exachiy with *he Aber, and is the fame Pro reion as 
4 deduced from che Lord Napiers ble e's ”Y ET, 
| 1 p al : 

5 9 ©”,  Producerbe Sides CBand C4 to Land , 
till CL and CK are Quadrants, and about 
the Point Cas a Pole, deſcribe the Arch 
KL ; then in the two Spherical Triangles 
CBA and CLK Right-angled at B and L, 
are given, CB and BA, whence to find XL 
the Meaſure of the Angle at C, £ will be 
by Ax. me: * ot 


- * 


As 


2 
FT, 


4s S.CB: S. CL:: t,. BAN LK. That is, is, | 
As he's. of the Perpendicular ot LegCB=40" 50. *, 9. $125937 
— AEäÜmũ 


fo the Radius — — — 100000000 
54 8015 the Tangent che Bak or Leg AB=50. IF e eee 


— 


To the T angent « of the Angle aer c r. $029—10.27) 14305 


T4 


| "6. * <> | 
As the Radius 


To the Co-ſecant &* the RE” c Ae. 30.20 10. 1 * 3 
So is the Tangent of the Baſe AB=50.30. 3 a 0840242 


— — 


To the angel of che Angle * Perp. C=61,50.29 2 14305 
Or lets Ray Lord. Napiers Thee, . WF + * 


N As the t, I: R: : S. BC: ct, . That i, 3 
As the Tangent of the Baſe or Leg e 3 30 — - 10.0840242 


To the Radius 3 —— ——10.9000000 
do is the Sine of the Baſe” Leg or FEE 20 — 8125937 


— 2 


Tote eee of the Age at Perp. cg 29's 72 695 


as Habs 80 e 
if Caſe 3 


Given the Hypothenuſe and one of ad 2 Angles 
the other adjacent ARS” - oth Hm _ * 
AT . 


Gben the bebe Angle at the — — . 


the Angle at the Baſe. 


Tn the Spherical Trianfle Unc, | Right-angled at 


Assi 04 156" 2 
ae ginen. Jeet 58 29 Ng . 


The Stereographic Solution. n 


* rin drawn the Primitive Circle f4 B þ thro” che Point 02 A 


taken at pleaſure, draw the Great Circle CA B, forming an 


— 
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Spherical ; 


of 61 deg. 50 min. 29 ſec. wich the Pri- 
mitive Circle in the Point C, by Caſe the 
cf of Problem the 9th, of Seel the 2d, and 


d its Pole ꝓ by Caſe the 3d of Problem 
the 8 


2, 257 oer deg. 04 min. 56 ſec. the 
length of the Hypothenuſe in the Obl be 
-Cirdle C Ag from C to A; by Caſe tlie 
3d of Problem tlie 5 b. 
; . Thro? the Center 40 the Primitive Circle o, and the Extremity 
4 of the Arch CA, draw the Diameter or Right Circle Fo B, and 
at Right-angles to it the Diameter dob, to find its Poles d and h, 
and the thing is done; and the tity of the Angle at a may be 
| found * — 34 of N zoth of Sektion the 24. 


e or 5 Calculation; 


8 Haug produced the Sides 4B, AC, Bc, to D, E. and E, 
e AE, BE, ate Quadrants, and 


* the re Circle D E E, about 4s 


—__— 


bb, Her © 8 FA Sides CE. 0 4 of 
the Triangle CET, to 7, H, G, till CI, 
. EG, are Quadtants, and draw the 
* Great Circle THG, about the Point C as 
a Pole; then in the two Spherical Trian- 

| 255 CH and CEE, ebe angled at I and 

E, and having the ſame Acute Angle C 


* * * mole,” 4 


* at the Baſe, are given, CE the Comple- 
ment of the Hypothenuſe 4C, Hl the Meaſure of the Angle at Per- 
pendicular C, wWhence to find Ek the Complement of ED, the Meaſure 
of the Angle at the Baſe A it will de by Axiom the 24 
| As S. CT: 8. CE: t, H: t, FE, That is, 
* GE=) Comp Act, (H= c; t(FE=)Comp (EDS)<A. 


As. 


© Spherical Digue. p ; 7 


—ů—— 


1 0. 0000000 


AS the Radius 


To the Co- ſinẽ of the Hypo aut . 1-04-56 —9.6844449 . 
| 50 is the Tang. of the Angle at Perp. C=61* 50' 29 . 2774307 \ 


To the Coyangeitof the 8 at Baſe A=47. 54. 20—9 —9.9558756 6 


Or, P 
Shari produced the Sides CB, CA. 
and BA, to D, E, and F, till CD, CE, , „ 


and BF are Quadrants; and deſcribed the 
Great Circle DEFG, about the Point 
Cas a Pole, produce che Sides AE, AF, 
and EF, to 1, H and 6, till 45, At, | 
and EG are Quadrants, and about the 
Point A as a Pole, draw the Great Circle 5 R | 
IHG, then in the two Spherieal Triangles + - WT. 

AIH and AE, Right-angled at I and E, r f 

and having the ſame Acute Angle at the Baſe ** common to hack” : 
we have given AE equal to hy Complement of AC, FE the Com- 4 
plement of ED, the Meaſure of the Angle at 81 to find. 

HI 1 to the Meafure of chi Angle at A, it will be by n. 

the 2 

As S. (AE=) Comp, AC 8. Alk. FE= Com = 
es . That i „ 4 nf 2 EDS 

As the Co-ſide of the Hypothequſe AC=63 04-56 9. 6844449 


To The Radius OO —ů— 10: 0000000 


So is the Coingmeottho Ang at Fer. C= 61 50 29” 9,7285693 


As the Radius 4 LACK F 


To the Tang: of the Dt the Baſe eme 54 20— 10 210 
5 S * 

To the Sant of the E my 54 5 10· 3155551 
So is the Co- tangent of the Angleat Perp. C=6 1.50. _ 7285693 


— ——— L—ä 


To the Meter of the Ang, at _ BaſeA=47; 54 20 10 0441244 


1 j —— — 
— 


ww ' os 0 - 
C - : . * - Y 8 ”. N - 1 _ =- 
bt N = o K | " — 4 , > * — 
+ , 4 . PTo 
* 0 * . 
. a ” # hy * % ” . by = - * 


* 72 Spherical Trigonometry. * 
1 Or according to the Lord Napiers Theorem 
Becauſe the Hypothenuſe AC is the Middle Part, and the Angles 
at the Bafe and Perpendicular the Extreams Adjunct, it will be, 
As ct, C: R:: cs, AC: ct, CA. That is, 
As the Co- tangent of the Angle at the Perp· C61. 50. 29 9,7283693 
— — — - 10.0000000 


To the Radius ——-- — — 


So is the Co- ſine of the Hypothenuſe AC , 84444 


To the Co- tangent of the Angle at Baſe A 47.54.20 995 58756 
© Cale 3: * 


Sixen the Hypothenuſe and Angle at the Baſe, to find the An- 


— 


- 
S > 


gk at the Perpendicular. That is, pat 
In the Spherical Triangle ABC Right-angled at B, 


* ACS 61.04.56 6 % 
Are gigen < A 4 75 5 4 20% £ req. <C. 


FF. x 
af 


—_— 1 - 
| "> The Stereographic Solution. b. Toy Te 0 2 
1. Having dra | the Primitive Circle F d B B, draw the Diameter 
Fa B, and at Right-angles to it the Diameter or Right Circle d h. 
2. Set off the Hypothenuſe AC e- 
agua to 61 deg. 04 min. 56 ſec. from 
WG: F to 4, and draw the Diameter 
3 Set off 42 deg- 05 min. 40 ſec. 
the Complement of the Angle at the 
B Baſe A in the Primitive Circle, from 
to x, and draw x 5 perpendicu- 

n lartog, and s C parallel to f B. 
4. Thro C the Interſection of C, 


4 
with the Primitive Circle, draw the 


"6 Diameter Cg, and at Right-angles 
to it the Diameter e n, and draw the Oblique Circle C A, form- 
ing an Angle of 47 deg- 14 min. 20 ſec with the Right Circle in the 

Point A, by Caſe the 24 of Problem the gth, Sect. the 2d, and the 

thing is done; and the Angle at the Perpendicular C may be mea. 

ſured by Caſe the ad of Problem the roth, Sect. the 2  Togg- 


7p 


5 7% Pherical Trigonometry. 
Logarithmicaly, or by Coltudation.” | 


- Having Wade the ſame Preparation as in 
the former Caſe, that is, having produced 
the Sides A4 B, BC, AC, Cc. in the two « 
Spherical Triangles CEP and CIH, Right- 
angled at E and 7, and having the Angle at 
C common, we ſhall, have given, FE equal 
to the Complement of ED, the Meaſure of 
the Angle at A, CE equal to the Comple- 
ment of AC the Hypothenuſe, whence to 
find IH the Meaſure of the Angle FCE e- a © ;-'Y 
qual to the Angle ACB, K will be by Ax. 2 1 5 
the 2d. „ Wu," „ 
As S CE 8. er: t, EF: b, L. That i * 
ASS. (CE=)Com me : R :4t,(EF)Comp. (ED=)<A :t acc 
| As the ( Co-line of the e AC=6 og r 6344449 


To che Radius — 1 — 10. s 
So is the Co- tang. of the — the Baſe 4=47. 54-20 9. 955873 5 


* 4 * 4 


To the e Tang of the 8 at the en 0e KK 10. 2714286 


- » þ — 3 I - 4 5 | l i. - . 2 * 
©. a a 2 2 „ 
l a FY E 4 2 


es. Or, | 

Having . the Sides cb 4. 
CA, to D, E, F, till CD, CE, and BF. 
are 'Quadrants, and deſcribed the Great 

Circle DEF, about the Point O as a Pole, 
Sc. as in the former Caſe, in the two 
Spiterical Triangles A1Z and AEF Right- 
angled at E and J, and having the ſame 
Acute Angle at the Baſe 4 common 30 
both, are given AE equal to the Comple- 
ment of AC, IA equal to the Meaſure of the ks hl cqual to j 
the Angle CAB: whence to. find FE the — a ahy of ED, e- _ 
qual to the Meaſure of the Angle C, it will be by Ax. the 2d. a 


5 A8 8. AI: S. AE: : t, IH: t, EP. That is, 
R: ( AE. Comp ac. %%% e EEE) Com (ED= e 
2 | | 8 


* 


3” 


* a 


74 oe BL eie Iron. 


Solis Co: ſine of the poten 10 er 04:56 © 


As the Radius — - 10 0000000 


| To the Co-ſine of the Hypothenuſe AC=6 r.04.5 FE 6844449 
Sois the Tang. of the Angle at the Baſe A=47.54-20—10. 0441265 


To the T. Comp. of the Angle at Perp. C=61.50- 29 — 7285714 


Which is the ſame Proportion with that in the firſt E Example of 
this Caſe, only changing A for C, or the Angle at the Baſe for the 


A 


* at the Perpendicular. 


Or, according to the Lord Napiers Theorem, becavſe AC the 
* Hypothenuſe is the Middle Parg, the Angles at the Baſe and Per- 
pendicular:the Extreams Adjunct, and cheAngle at the * 


— 


As ct. A: RC „ AC: 4 That! is, 
As the Co- tang. of the Angle 1 the Baſe n 7429.93 $8735 


To the Radius = —— 


lar required, it will beg, po 


— — -10.0009000 
— 9:6844449- 


— — 


To the Co-tangent of the Angle at Perp. C= =61.50-29 9.785714 


—— 


Wenn, wirh the two former Solutions. * 


9 8 Caſe 8 — 
Open the Hzpocbenaſe and' one of the lutte. to find the TY 
cent Leg. - Or, | 


_ Given the Hypothenuſe and the Ange at. the Perpendicular, t 
find the Perpendicular. 


* Example. 
FI the Spherical Triangle ABC, Right-angled at B, 


AC=61.04 56 
arc given 1 Det; 50 reg BC. 


_ © Spherical Trigonometry,  * 375 


The Conſtruction of this Caſe is 
the (ame with the firlt Example of ® *'E 
the third Caſe, and the Perpendi- 
cular BC may be meaſured by Caſe F 
the 1// of Problem the 7th Settiou the 


24. 3. 23 * 8 
1 


Bur to find its length by Calculation, aL 


Produce the Sides AB, AC, BC, C Cr. 1 
as in Cuſe the 3d, then in the 2 Sphericalt 
Triangles GIE and GHEF, Right-angl ed 5 
at H and I, and haying the ſame A 
cute Angle at the Baſe G commen to 
both, we have given GH equal to the 
Complement of Hl, the Meaſure of the 
Angle at C, IE equal to the Hypothe- 

nuſe AC whence to find HF equal to the 
Perpendicular CB, for CH, CI, FB, 

| 5 FD are Quadrants, it will be by Ax. | 
the © » "I : 2 
IA s S. 18: S. GH: : t, IE: t, HF, That is, FR. 

R:S (HG=) Comp.(HIEZ)<C: ft, (IE Comp. CE Comp.) AC 

: t, (HF = Comp. FCS Comp.) CB. That is, | +% 
As the Radius x — - 19.0000000 

To the Co-line of the Angle at Perp. C=61:50.29—9.67;38628 
So is the Tangent of the Hypothenuſe AC=61-04.56— 10. 2 8 192 

To the Tangent of the Perpend. BC Ao. 30.20.93 15820 


. r, — — 

Having produced the Sides CA, C, | 
BA, to E, D, F, till CE, CD, BE, are 

Quadrants, Cc. as in the 1% Example of 
the zd Caſe, in the 2 Spherical Triangles 
FDB and FEA, Right-angled at D and 
E, and having the ſame Acute Angle at 
the Baſe F common to both, we have 
KKK 2 


5s oy "Spherical Tri Figonometry. <A 
Siven FE equal to the Complement of ED, the Meaſure of he Angle 
at C, EA equal to tlie Complement of the Hypothenuſe AC, whence 


to find DB equal to the e . the Perpendicular __ 
it will be by 4x. the 2d. % 


3 (FE) Comp: (ED=)<C:S. FD<R A Comp 
| AC: t, (PB=)Comp. BC. That is, 


As the Co-ſine of the Angle at Yerpen: Biel 29=—9, 6 - 8628 


| To the Radius — ——— 10:0000000- 
So is the Co-tangent of the] Hypoth. AC=6 I 04. 56 —9. 7428808 


33 To be Co-rngene of tl eg BC ge 2010 Cie 


_ "47 EP P 
"Or, 


” > Ackindils to N Theorem, becauſe the Angle Cis the Middle 
F, Part, and. the Hypothenuſe Ae, 14 and ©: FEE i, the * 
„ treams . it will be, 1 


* * e 4 : ＋ 


= | As ct, AC : R: 0 N t, BC. Ther 3 
=: As the Co-tangent 0 of the Hypothenuſe A C 1-04-56 _ 742; 2808 


To the Radius = — — nnierth rn nm ro ο 


So is the Cor ſine of the Angle at the e Perg C=6r. 50. — 673 8625 
To the Co-rangent of the Perpendicular BC=40.30- 20 9.93 15826 


—⏑ rẽ— 


A 


: "26-0 - Caſe * D 3k 
| | Example 2 5 1455 bt 
Siren the pe et and Ange at . Baſe, to find the Baſe: | 
a ig © 


bn the Spherical T riangle ABC, Right-angled at B, 


„ 
are given 12 447 54 20 $req 4B 


Spherical Trigonometry. 


This Caſe is Conſtruaed like the 2d 
Example of the 3d Caſe, and AB may f 
be meaſured by the 2d Caſe of Problem "4 
the” * © of Section the 2d. W | 


* hai : k 


ws 


* 00 
- 


But to > determine its tengyh by Calenlation. | — 
* # 3 U 
| . the Sides AB, BC and 110% * 
D, E, and F, Cc. as in Cafe the 1½, then 
in che two Spherical Triangles FDB, 
FEC, Right-angled at D and E, having 
the ſame. Acute Angle F at the Baſe 
common to both, we have FE equal to 
the Complement of DE, the Meaſure 
of the Angle A, EC equal to the Com- 
plement of AC the H ypothenuſe, and DB 225 to the Comple 
ment of AB the Baſe, and it will be by Ax. the 2d. ö 
As 8. (FE) Comp. of ( DE) <A: +(S.FD=) R:: t, (ECS) 
Domp. AC ;t, (BD=) Comp. of AB. That is, . 
15 the Co-ſine of the Angle at the Baſe ne TOM 826 63646 


Tothe Radius — ä —-ę—ẽ 10 oo 
So is the Co-rangeat of. the Hypoth. AC I <9 7422808 


— , ua vw __— uw. 


To the Co-tangent ofthe Baſe ee o— 9 59752 * 
r; 

Having vrodaced the Sides CB, BA, 
and CA, to D, E, and F, &c. as in 
the 1ſt Example of the 34 Caſs in the. 
two Spherical Triangles GI E and 
_GHF, Right-angfed at I and H, 
and having the ſame Acute Angle G | 
at the Baſe common to. both, we 


\ 


71 | 1 e FN 
have given EH equal to the Complement of H, the Meaſure of the 
Angle at A, TE equal to the Hypothenuſe AC ( for IA and EC are 
Quadrants) and HF equal to the Baſe AB, (for HA and FB are Qua- 
drants,) and it will be by Ax. the 2d. 

As S. GIS R: S. (GH =) Comp. (HI=)< 4: :t, GE Comp. of 
EAS Comp) AC: t — of FA? Comp.) AB. That is, 
As the Radius — 10-0000000 
— 


. To the Co · ſine of the Ando. at the Baſe 447.54. 20 9.8263046 
So is the Tangent of the Hypothenuſe AC=61.04.56—10.2577t92 


— nb SED. 
To the Tangent of the Baſe AB 50 330 — 10.08 bf | 
Or, I 


A Todd to Napiers os becauſethe Angle. at the Baſe Ais 
the Middle Part, and AC the Hypothetinſe, and 4B the Bye 50 


treams Adjugct, it will be, 
a As ct, AC: R: S = F That is, 5 


As the Co-tapgent ol che Hyporhenuſe WIE 1.04 56 — 9.742 2808 


To the Radius — 10.0000000 
801 is the Co- ſine of the Angle at the Baſe A = 47.4. 209.8263046 


—— — ren 


— — — — 


10 0840238 
9 


To the Tangent of the Baſe ABS o. 30. 30 


* 


5 1 Caſe 5. | f 


Given the Hypothenuſe and one of che a Angles, to fo 
the Side or Leg oppolite, 


| Or, 4 85 
Given the Hypothenuſe and Angle at the Perpendicular to find 
the Baſe, | : 
Example. „ 


In the Spherical Triangle. ABC „ at B, 
e AC 1.04.56 
are given, 34 O t. 5 9 req. AB. 
The Stereozraphical Conſtrufion of this Caſe is the ſame with the 
iſt Example of the 3d Caſe, and AB the mw may be meaſured by 
| oy the 24, of Prob. the Ki Sekt. the 2d. | But 


8 pherical Trigonometry, 


But to determine the length by Calculation 

Produce the Sides CB and CA, to D 

and E, till CD and CE are Quadrants, 

- and join the Points E and D by the Arch 8 A 
I 


DE, of which the Point C is the Pole, 
then in the two Spherical Triangles ECB 


and ACB, Right-angled at D and B, and A 12. 
having the ſame Acute Angle Cat the "0 54 
Baſe, we have given CA, and ED equal Cr | 
to the Meaſure of the Angle at C, ge” 
| whence to find 4B it will be by rim 
the ff. * 
A8 S. ERS. A . (ED=)<C: 8. 4B. That is, 
. the Radius 10.0009000s 


— ꝛ̃——j—H'i 


To the Sine of the Arpad wat AC=61:04.56 ——9.942 r 
So is the Sine of the Angle at the Perpend- C=61-50 29 9.9452936- 


— 


To the Sine of the Baſe AB=50.30.30— - of —98874577 
Th |: 
As the Co-ſecant fg Hy — AC=61. 04.5610 05783 59 | 
i T- — — z000000d 
Sos the Sine of the Angle at the Pep h 29 — 99452936 
To the Sige of the Baſe ABR go. 30 3— 9.8874577 


Or, 
As the Co-ſecant of the Angle at the Perp C=61. Jo. 16 0547064: 


To the Radius ——— - 100000000 
So is the Sine of the Hy pothenuſe 861 1. og. [a gi . 
To the Sine of the Baſe AB o zo. r —5 88 74577 


The firſt Proportion is the ſame with that deduced from the Lord. 
Napiers Theorem, for becauſe the Baſe AB'is the Middle Part, the Hy- 
pothenuſe and Angle at the Perpendicular are the Extreams Disin 


and becauſe the Middle Part is lought, i it will be as the uh 4 


» 


— 


290 


80 | 8 Spherical Digg. 
ET Cale Kt) ene 5 
Exanple 5 1 rt - . 5 


Given the Hypothenuſe and Angle at the Baſe, to bad the Per- 


pendioular. That is, 
In the Spherical Triangle ABC, Right-angled at B. 


A= 47.54 20 
are given} 5x = 5 job ne req- BC: 
| 


- * 
4 * . 
* * — * * 
* * 


The Dal Projeaioh of: this 
Cafe is the ſame with the 24 Example of 
the 3d Caſe, and BC may be meaſured by 
B Caſe che 1 of Problem the e 7th, Non the 


NA | 
| - ; | 24. + 
n | And to bud tbe a by Calculation, 


Produce. AG and AB to E and D, till AD 
and AE are Quadrants, and draw the Arch 
BE, which will be equal. to the Meaſure of 
the Angle at 4. 

Then in the 2 Spherical Triarffles DE end. 
9 | ABC, Right-angled at B and D, and having 

= the ſame Acute Angle 4 at the Bale, are given 
. and DE KEY to the Meaſure of the Angle at 4, whence to 
find BC it will be 79 — the Iſt. 

As the S. AER: S. AC $: : $(DE=) <4: 8. Bc. That ; is, 
As the Radius. — — ——— 10-0000000 


— 


» |. To the Sine of the © 00> AC= 61 04.56 — 9.942141 
80 is the Sine of the Angle at the Bale A=47. 54. 8 8704278 


— — — — — 


To the dine of che 1 9 4 39.20 53725919 


— — 


Or, 


=_ «\ 
Fo 


Sozerical Trigonometry. ER 81 


Or, 
As the 9 of the Hypoth. AC=61.04. i ob 0578359 
To the Radius — — — 10.0000000 


So is the Sine of the Angle at the Baſe A=47-50-20. — 8704278 


98128919 


— — 


To the Sine of che Perpendicular 6 30.20 


3 
As the Co-ſecant of the Angle at the Baie oO 54-20 I9.1295722 


— — —— 


To the Radius o. ooo 
So is the Sine of the Hypothenuſe A067 1.04. 56 —9.9421641 


To the Sine of the Perpendicular BC=40.30.20: 


—— — 


The firſt of theſe Proportions is according to the Lord 35 55 


Theorem. 
Caſe 6. 
Given one Side and an Angle K. to find the Hypothenuſe. 


Given the Perponllitiilar and the Angle at the Perpendicular, to find 
the Hypothenuſe. 
Example. 


In the Spherical Triangle ABC, Right; angled at B, , 
3 JIE 61. 5029 Ac. 
| 5 BC=40.30+20 ag 
The Stereographic Solution. | 
1. Having drawn the Primitive Circle 
fd B h, the Diameter f B, and at Right- 
angles to it d h, ſet off the Chord of Be 
equal to 40 deg. 30. min. 20 ſec. from B 
to C,-and draw the Diameter C g, and 
and at Right-angles to it en. 


- 2. Draw the Circle C A g forming an 

Angle with the Primitive Circle in the 
Point C, equal to 61 deg. 5o min. 29ſec. | | 
by Caſe the 3d of Prob. the geb, Sect. the 2d. and the thing is done; 
_ AC may be mealured by 4 the 3d of Prob. the 7th, ect. the 


Loga- 


9.8125919 


8 a A 
. To the Tangent of the Hypothenuſe AC 61.0456 10.2577214 


— 
* 


> Spherical Trigonometry. | 
Logarichmically, or by Calculation. 
Having produced the Sides AB, AC and 
BC, to D, E, and F, till AD, AE, BF, 
areQuadrants, & c as in the former Caſes, in 
the two Spherical Triangles GIE and GH, 
Right-angled at H and I, and having the 
ſame Acute Angie G at the Baſe common 
to both, we have given GH equal to the 
Complement of HI the Meaſure of the An- 
gle at C, HF equal to CB, whence to find 
Me, equal to AC, it will be by. Ax. the 
24. 
As S. (GH=)Comp: of (HI)=<C :(S. GI=)R. : : ;, (HF) 
BC: c (IE=)AC. That IS, 242 | | | 
As the Co- ſine of the Angle at the Perp. C=81.50.29-—9.6738628 


—— — 


o the Radius 10.0000000 
'So is the Tangent of the Perpendicular BC=40-3 0.20 —9.93 15842 


| | Or, 2 | 
As the Radius — U — — 10 oOOOOOO 


To the Secant of the Angle at the Per. C co. 5 0-29 103261372 
So is the Tangent of the Perpendicular BC=40. 30 20 —9.9315842 


To the Tangent of the Hypothenuſe AC=61.04.56 1025779214 
7 8 ee 

1 Having produced the Sides CB, CA and BA, 

| C Oc. as in the 1/t Example of Caſe the 34, in 


the two Spherical Triangles FDB and FEA 


| UH , n Right · angled at Dand E, and having the ſame 
| | | | Acute Angle F at the Baſe common to both, 
RW pn D 


we have given FE equal to the Complement 
of ED on divas of the Angleat C, BD 
Ie” IM _ __ - equal to the Complement of the Perpendi- 
Vellar BC, whence to find EA equal to the Complement of 4 Hy- 
* AC, it will be by Ax. the 2d. 


As 


Spherical Tigonomet p. 83 


As(S.FD=)R : S.(FE=)Comp.(ED=)<C: : t,(DB=)Comp. 
BC : t, (EA=)Comp. AC. That is, - 
As the Radius — — . 


To the Co- ſine of the Angle at the Perp.C=61.50. 299.67 38628 
So is the Co-tangeut of the Perpend. BC=40.30.20—10.0684158 


To the Co-tangent of the HypothenuſeA C=61.04 56 9 7422786 


| Or, h 
According to Napiers Theorem, becauſe the Angle at the Perpen- 
dicularC is the Middle Part, and the Perpendicular BC and the Hypo- 
thenuſe AC Extreams Adjunct, and becauſe the Hypothenuſe is 
required it will be, k 
| As the T. BC: R:: c C: ct, AC. That is, 
As the Tangent of the Perpendicular BC 40. 30.20 —9.93 15842 


To the Radius — SES oe 8 Ku . 
So is the Co- ſine of the Angle at the Perpend. C 1.50 29 9:6738628 , 


— — — 


To theCo-tangent of the Hypothenuſe AC 61.04.56 9. 7422786 


Caſe 6. | 


Example 2 


Given the Baſe and the Angle at the Baſe, to find the Hypothe- 
nuſe. That is, | | | 
In the Spherical Triangle ABC, Right-angled at B. 


. -F AB=50.30.30 | 
are given} £ 5 . 4 l iy req. AC, 


I 0.0000000 


— —_ 


„ 


| The Stereographic Solution. © 

1. Having drawn the Primitive Circle f d B h, the Diameter f B. 
and at wy: = 01 it dh, ſet off 50 47 ai. 10 Ke = 
Length of AB from B to A, by Caſe the 24 of Prob, the 6:6 a. - 
the 24. e o: waſls a 


LII 2 2 Th ; 


| * | ; F | * 
IS > : Spherical Trigonometry. 


C 2. Thro' the Point A dtaw the Oblique 
Circle CA g forming an Angle with the 
Right-Circle f AB, equal to 47 deg. 54 

B min. 20 ſec. by Caſe the 2d of Prob. the 
g9th Sect. the zd, and the thing is done; 
and AC may be meaſured by Caſe the 3d 
of Prob. the 7th, Set. the 24. 


But to determine its Length by Calculation 
| Having produced the Sides AB, AC, 
c. as in Caſe the iſt, in the two Sphe- 
rical Triangles FDB and FEC, Right- 
angled at D and E, and having the ſame 
Acute Angle at the Baſe F common to 
both, are given FE equal to the Comple- 
ment of ED che Meaſure of the Angle at 
A, DB equal to the Complement of the 
Baſe AB, whence to find CE: equal 
ro the Complement of the Hypothe- 
nuſe AC, it will be by Ax. the 2d. 


488. (FD=)R : $.(FE=)Comp-(ED=)<A: : t, DB=)Comp. 
AB: t, (CE=) Comp. of AC. That is, 
As the Radius — — 


To the Co- ſine of the Angle at the Bale A=47.54.20 - 9. 8263046 
So is the Co- tangent of the Baſe AB=50.30-20———9g 9159758 


— 


To the Co- tangent of the Hypothenuſe AC 61.04.56 97422804 


19.0000000 


— — — — 


. 


Or, - 
Having produced the Sides CA, CB, 
Fe. and made the ſame Preparation as 
in the 1/t Example of Caſe the 3d. 


— 


In the two Spherical Triangles GHF 
and GIE, Right-angled at H and I, 
and having the ſame Acute Angle G 

at 


Spherical Trigonometry. 85 
G at the Baſe common to both, we have given GH equal to the 
Complement of equal to the Angle A, HF equal to AB, whence 
to find IE equal to AC, it will be by Nas the 2d. 
As S. (GH) Comp. (HI=) DA: R: t. (HF=) AB :t, 
(IE) AC. That is, 
As the Co-ſine of the Angle ar the Baſe A=47- $4720 —9: 8263046 


* 


To the Radius — — — 10.0000000 
So is the Tangent of the Baſe AB=50.30.30————10.0840242 . 
To the Tangent of the Hypothenuſe AC=61.04.56 10.2577196 

Or, r 
As the Radius — — 10 0000000 


To che decant of the Angle at the Baſe AB=47. 54-20 10. 1736954 
So is the Tangent of the Baſe AB=50.30.30 10.0840 242 


To the Tangent of the Hypothenuſe AC=6 1.0456 1 10.25771 96 


Or, 
| 3 to Napier Theorem, decauſe 5 Angle at the Baſe A is 
the Middle Part, — AB the Baſe, and AC bh Hypothnuſe Ex- 
treams Adjunct, and the Hypothenuſe required, it will be, 
| As t, AB: R:: Cs, A: ct, AC. That i is, | 
As the Tangent of the Baſe AB=250-30.30————10.0840242 . 


To the Radius-- — 10,00009008 
So is the Co-ſine of the Angle at the Baſe AA. $4.20—9.8263046 


—_ 


To the Co-tangent of the Hyporh AC=61 04.56 —»9. 742 abog 


Caſc y. 
ö Given one Side and an Angle ee to find the other en, 
ngle. 
Or, 


Given che Perpendicular and the An at the Perpendicular, to 
find the at the Baſe. " 


E nan! | 


36 © Spherical" Trigonometry. 
in the Spherical Triangle ABC, Right-angled at B, 


. are given, > * sp Freq. 3 


The Sereographical Projection of 
this Caſe is the {fame with the 11 Ex- 
ample of the 6th Caſe, and the Angle 
at 4, may be meaſured by Caſe the 
3d of Prob. the roth Sect. the ad. 


| 


Logarithmically, or by Calculation. | | 
Having produced the Sides AB, AC, BC, &c. 
and made the ſamè Preparation as in the 3d 
J Caſe, in the two Spherical Triangles C1H and 
CEF, Right-angled at E and J, and having 
the ſame Acute Angle C at the Baſe com- 
mon to both, we have given CF equal to 
the Complement of. BC, H equal to the 
Meaſure of the Angle at C, whence to find 
FE equal to the Complement of ED the 
Meru 2 the Angle at 4, it will be by 
eee eee een . 
As S. (CH) R: S. (CE (Comp.) BC: : $.(HI=)<C: S. (FE=) 
Comp. (ED =) <4. That is .; | 


As the Radius ——— — 10000000 


„ To the Co- ſine of the Perp. C40. 30. 20 — —9.8810095 
So is the Sine of the Angle at the Perpend. =61.50.29 —9.9452936 


Tua the Co- ſine of the Angle at che Bale. 4 47.54.20 9.826303 1 | 


"IEF E we I 


1 Or, 


Spherical Trigonometry. 87 
Or, 
As the Secant ofthe Perpendicular B40. 30.2010. 1189903 


To the — ͤ 3p dd, PRONE —— 10.0000000 
80 is the Sine ot the Angle at the Perpend. C=6t. 150429 9945 2936 


A 


To the Co- ſine of the Angle at the Baſc 4=47. 54-209, B26303 1 I 


Or, 
As the Colecant of the i Angle the Petp. C=61.40-29 WO IPA | 


To the Radius— - | —10.0000000 
So is the Co- ſine of the Pew BC=40.3 30.20; P 9.88 10095 
To * Co- ſine of the Angle at the Baſe A=a7 N 9. 61 
Caſe 7. apr" Ws: 

Example ; 


Given the Baſe and the Angle at the Baſe, to find the Angk. at - 
the Perpendicular, Thar is, 
In the Spherical Triangle ABC, Right-angled at B. 


AB =50.30.30 
are given eee req-<C. 


The Sereographical Projection of this 
Caſe is the {ame with the 2d Example 
of the 6th Caſe, and the Angle at C 
may be meaſured by Caſe the ad of 
Prob, . toth . the 2d. 


n Spherical Trigonometry. 


* micalh, or by IAN 


Having produced the Sides CB, C4, 
Ke. and made the ſame Preparation as 
in Caſe the 3d, in the two Spherical 
_ - Triangles AHI and AFE Right-angled 
at J and E, and having the ſame A- 
cute Angle at the Baſe 4 common to 
both, ace given AF equal to the Com- 
plement of AB, HI equal to the Angle 
3 whence to find FE equal to the 
83 of ED the Meaſure of the Angle at C, it will be by 
Ax. the 1ff. 
4s (S. AH=)R: S. (AER Comp. AB = 18. ir. S( E=) 
Comp. (ED=) CC. That is, Hg 
As the. Radius —— — 10. 0000000 


To the Co-ſine of the Baſe * 30. 30 9. 8034338 
So is the Sine of the Angle at the Baſe 447.54. 20 — 8704278 


To 12 co fine 2 theAngle at the'Perp. C=61, 50.29 9. 6738616 


3 
As the Secant of the Baſe AB=50. 30. 3.99. 1965682 


25 To the Radius — — — — — 186. oοοοο 
So i is the Sine of the Angle at the Baſe 4847.54.20 — 9 8704278 


—— 


Tc o the co ine of che Angle at the perp. C=61- zo. 26 6 9. 673 8616 


" Or, - 
p As hs Co-ſecant of ie Anglaar the Bak — 54-20- 161295722 


To the- Radius 
So is the Co- ſine of the Baſe 2 30. 30 


0 ooOOOOO 
—9. 8034338 


—— — 


To the Co-fine of the _ at . C=61. 50. 29 "86758616 


Caſe 


— 


©. "Spherical Trigonometry. "oF 
TH — 8 1 / : b | 3 
Given one Side and an Angle adjacent to ſind the other oppoſite 
Side. . \ * r 
| " ROI „„ „Or, FT 5-3 
Given the Perpendicular and the Angle at the Perpendicular, to 
find the Baſe. pt. | 
. 2 & : Example : . \ | = 
In the Spherical Triangle ABC, Right-angled at B, N 
are given 2 > req. AB. „„ 


C1. 029 


This Caſe is Conſtructed like the 1 
Example of the 6th Caſe, and the Baſe 
AB may be mealured by the 24 Caſe of 
Problem the th, Section the de. 


Logarithmically, or by Calculation. 
Having produced the Sides AB, AC, &c. 
as in Cafe the 3d, produce the Sides XH 
and FG of the Triangle FHG, to K and L, 
till KK and FL are Quadrants, and joyn the 
Points Land K, by the Arch offs Great Circle, 
then in the two Spherical Triangles FHG. - 
and EKL, Right-angled at H.and X, and 
having the ſame Acute Angle at the Baſe F 
common to both, are given FH equal to 
the Complement of N, equal to CB ; GH 
equal to the Complement of HZ, equal to : . 
the Angle at C, whence to find LX equal to the Angle at F equal 
to DB equal to the Complement of AB, it will be by Ar. the 24 
As S. (H=) CB: R:: t, (GH) Comp, (HI=)<C : * 
<F=BD=) Comp. AB. That is, 0 _ b (LK= 
| M m m As 


. 


As the Sine of the Perpendicular 3 —9 8125937 


| e to Napiers Theorem, OOPS BC is Fr Middle Part 


; 80 1 is the Sine of the Perpendicular BC=40- 30. 20 3 8125937 
— 


909 Pppberical Trigonometry” © 


To the Radius — — — 10.0000000 
So is the Co-tang. of the Tat the — C=61, 50: 29 9. 2285693 


. Tothe Seen of the Baſe AB= 2e. 30.30. — 422775 


8 * | 
Having OT q the Sides CB, CA, 
to D and E, till CD and CE are Qua- 
drants, and joyned the Points E and 
D by the Arch ED, in the two Sphe- 
rical Triangles ABC, EDC, Right- 
angled at B and D, and having the ſame 
Acute Angle at C common to both, are 
- given bg 580 ED equal to the Mea: 
ſure of thE Angle at C, whence to find 
_ AB, it will be by. Ax: the 24. 


As (S. CD Wy 8. on 5 Sc. t. AB. That i is, 


As tbe Radius. = — lo. ooo OOO 


— 


To the Sine of Fes NE BC o. 30. 20 9.812593 
So is the Tangent of the Angle at rhe Perp. Ss. 30. 29 10. 2714307 


To the Tangent of © the Baſe AB= 50 30 30 
N 1 


—1 0.9840 244 


1 6 — 


and a Sine, and the Angle C and AB the Baſe Extreams e, and 
coplequently T angents, it will be, | 


Bhs, (4 As c t. SC: Re: 8. Be: t. AB. That is, 
As the Co- tang. of the Angle at the e 30. 29 9. 728569; 


To the Radius - 


— 0 0000000 


To the Tagen of the Baſe AB=50,30.30 — 10. 0849244 
Caſe 


Spherical Tigouometr )... 91 
5 Caſe 8; 8 5 
| Eganple 2+ 


Given For Baſe and the Angle. at the Baſe, to find the Perpendi 


cular. That is, f 
In the Spherical Triangle ABC, Right-angled at B. 


e giren{ £27 ONS el Be. 


— 
© 
— 


<A=47-54-20 


This Caſe is Conſtructed like the 24 
Example ot the 6th Caſe, and BC. may 
be meaſured by Caſe the 1/2, of Nel the 
7th, Section the 2d. ; 


ee or by abe 


Produce the Sides AB and AC, to 
D and E, till 4D and AE are Qua- 
drants, and joyn the Points D and E 
by the Arch DE, then in the two Sphe- 
rical Triangles ABC and ADE, Right- 
angled at. B and D, 'and having the 
ſame Acute Angle at 4 common to 
both, are given, AB and DE, equal 
to the Angle at 4, whence to find BC, 


it yo be by Ax. the 2d. 
As (S. AD=)R: S. AB :: t, (DES) A t Ec. That! is; 
As the Radius — — 10.0000000 


To the Sine of the Baſe 4 30. 30 — 9 38747582 
So is the Tangent of the Angle at the Baſe 447. 54-20 10.0441265 | 


To the Tangent of the Perpendicular BC=40.50.20—9.9315847 


M mm 2 


* Spherical naß. 


Having IVE." he Sides CB, CA, 
&cc. as in Caſe the 3d, produce the Sides 
FG and FH, to L and &, and joyn the 
Points L, K, by the Arch LK, then in 
the two Spherical Triangles FHG and 
FLK, Right-angled at H and L, and ha- 
ving the fame Acute Angle at F common, 
are given M equal to the Complement of 
FA equal to AB, GH equal to the Com- 
plement of al equal to the Angle at 4, whence to find XL, equal 
to the Angle F, equal to BD, the Complement of CB, it will be 
by Ax. the n 
As S. (HS Comp FAS AB: (S.FL=)R : :t,(GH=)Comp-(RI 
=)<A : t, (CL=< F=BD=)Comp. BC. That 1 
As the Sine of the Baſe AB fe $30.30 —— -9.8874582 | 


To the Radius — enen — 10.0000000 
So is the Co- tang. of the 4 at the Baſe 445. 4 9.95 58735 


— — — 


To the Co-tangeat of the Perpend BC=40-36 30 —10.0684153 

Or, — — 

According to Napiers Rule, becauſe 4B is the Middle Part, and 

the Angle A and Perpendicular BC Extreams Adjun&, it will be, 
As ct, A: R: : S. AB: t. BC. That is, 

As the 8 of the Angle at the hatin $420" 9: 9558735 5 


Too the — —— —ͤ—ę— . 10.0000000 
So is the Sine of the Baſe 3 R 88745 82 
To the Tangent of the Perpendicular BC 40. 30.20 10:93 1584 
. 


Given one Bide and an Angle oppoſite, to find the Side adjacent. 


; Gia the Angle at the Baſe and the 7 to find the Baſe, 
Ex- - 


Spherical Trigonomewy. * 9 
In the Spherical Triangle ABC, Right-angled at , 
are given, TEA=475429F req AB. 


The Stereographic Solution. 


* 


| p 1. lenny dans md og 8 . b 
4 Bh, the Diameter F B, and at Right- © 5 T 
angles to it Ah, ſet off the Chord of K 
BC 40 deg: 30 min. 20 ſec. from B to C, | 


and draw the Diameter C, and at Right - 
angles to it ew. | 


2. About the Point d as a Pole, de- 
ſcribe a Small Circle as P p, equal to 
the 2 A, equal to 37 deg. 54 min. 5 | 
20 ſec.(by Caſe the 2d of Problem the 4th, Section the 2d.) where this . 
interſects the Great Circle e as in P and p, it will give the Poles 
of the Circles CAg, Ca g, to be drawn, about which if the Cir- 
cles CA g and C ag be drawn, (by Caſe the 3d of Problem the ad, of 
Sic. the 2d.) the thing is done. ; - ag? 

This Caſe is doubtful, as appears from the Cunſtruction, for the Paral- 
lel P cuts the Great Circle en in the Points P, and p, the Poles 
of the Circles C Ag, and C ag, whence it is manifeſt, that in each of 
the Triaugles CBA, CB a, the Side BC is common to both, and the =” 
Angle 4 in the Triangle BAC is equal to the Angles in the little 
Triangle BaC, and conſequently a B the Baſe of the Triangle aBC, is 
the Supplement of AB the Baſe of the Triangle ABC, (for the 
Triangles Fa & and CAB are equal) to find which by Calculation, 

\ Produce the Sides AB, and AC, to D and " xx 
E, till AD and AE are Quadrants, and | 


draw-the Arch DE, theninthe two Triangles 
ADE and ABC, Right-angled at B and D, 
&c. are given BC, and DE, the Meaſure of A: 95 
the Angle at 4, whence to find 4B it will be, x 


* 
. As | 
? 2 oy 
7 ” - 


5 * a : ; 7 a | 2 l 
94 -  »* Spherical Trigonomttry. 

As t, DESY FA t, BC: : (S. DA) R: S. AB. That is, 
As the T angentof the Angle at the Baſe A 47.54.20 10.044265 


— 

1 To the Tangent of the Perpendicular BC 40. 30.20 99315842 
So is the Radius „C- ———10.0000000 

To the Sine of the Baſe AB=50.30.30— —_—_— 8874577 


Whoſe Supplement 129. of zo, is equal to the Baſe AB. 


Or, 

| Having produced the Sides CB, CA, 
and BA, Cc. as in the 2d Example of 

the 8th Caſe, in the two Spherical Tri- 

angles LKF and GHF, Right-angled at 

K and H, Cc. are given KL equal to the 
Angle F, equal to 55 the Complement 

of CB, GH equal tothe Complement of 
Le Hg; the Meaſure of the Angle at A, 

A whence to find HF, equal to the Comple- 

ment of FA, equal to AB, it will be by Ax. the 2d. 

As t, (LK= <F=BD=) Comp. CB : t, (GH=) Comp. (HI) = 
<A: (S. KF=) R: S. (HF=Comp. FA=) AB. That is, 
Asche Co-rangent of the Perpend- BC=40. 30-20 —10: 0684158 


—— 


th +. + 


To the Tangent of the Jags at the — 54-20 99558735 
So 1 is the Radius — — —— 10,0000000 


70 che Sine ol the Baſe AB= 550.3 30. 1 _ -9:88745 77 


77 — ů — 


6 ct 


1 5 | Or, 
A to Napiers Theorem, becauſe AB is the Middle Part 
and required, and the Angle at A and BC are Extreams Adjunct it 


will be, R :ct,<A::t, BC: S. AB. That is, 
As the Radius —— — — — 100000000, 


3 the Co-tang. of ce Age at the Baſe A=47.54:20 9. 95 58735 
So is the Tangent of the Perpendicular BC=40-30. 20—9.931 5842 


To the Sine of the Baſe AB o. 309.8874577 


—— . —— 


Caſe 


Spherical Trigonometry. 2 4 95 
Caſe 9g. 


Example 2. | 


Given the Baſe and the Angle at the perpendicular, ea 
Perpendicular. That is, | | : 
1n the Spherical Triangle ABC, Right-angled ar B. 


4 AB=50.30: | | 
are given 5 7 D 14 req. BC. 


The Stereographic Solution. | 
1. Having drawn the Primitive Circle | I 


FDBH, the Diameter FB, and at Right- | 
angles to it DH, Set off AB 50 deg. 30 eZ | & 
A 


min. 30 ſec. from B to A (by Caſe the 2d, * 
of Problem the 6th, Sect. the 2d.) K. 12 


a . ANION Þ 
2. About the Point A as a Pole, draw e 
the Great Circle d Pp h (by Caſe the 3d, ö 
of Problem the 2d, Set. the 2d. dt — 

* wicker 1 


3. About the Center of the Primitive Circle draw a Parallel of 
61 deg. 50 min. 29 ſec. equal to the Angle C, (by Caſe the iſt of 
Problem the 4th, Set. the 2d.) where this interſects the Great Circle 
dPph, inthe Points P and p, it gives thePoles of the Circles CA g 
and c A „to be drawn. e 81 108 5 T 
This Caſe is likewiſe Ambiguous, as appears from the Conſtructi- 
on it ſelf, and B e is the Supplement of BC, for the Triangles CBA. 
and c BA are equal, and to find it by Calculation, 
Having produced the Sides AB, AC, Ce. 
as in the 2d Example, of the 8th Caſ. 


In the two Spherical Triangles LKF and 
GHF, Right-angled at K and H, &c. are 
given LK equal to the Angle at E, equal to 
BD, equal to the Complement of AB, GH | 
equal to the Complement of Hl, equal to the 
Angle C, whence to find HF equal to the 


| "96 55 pO Spherical 7 rigonometry. 

Complement of FC, equal to CBB; it will be, by Ax the 24. 

As (t, LE=<F=BD=) Comp. AB: t, (GH=) Comp. (HI) 

C:: (S. KF=)R : S (HES Comp. FC=) CB. That is 
As the Co- tangent of the Baſe AB 5o. 30.30 99159758 


To the Co-tang. of the Angle at the Perp.C=61-50-29 9. 7285693 
So is the Radius — — Elo. oooοοοο 


To the Sine of the Perpendicular BC Ao 30. 20 — 935 


„ 
3 


Whoſe Supplement 139. 29.40 e the Length of CB. : 


r, : 

C Produce the Sides CA, CB, Cc. as in Cafe 

the 24, then in the two Spherical Triangles 

ACB and ECD, Right-angled at D and B, 

Cc. are given AB and ED, equal to the An- 

gle _ whence to find BC it will be by Ax. 
the 2d. 3 | 


| As t, (ED=)<C: R ::t, AB :S. BC. That is, 
As the Tangent of the C at the Perp- C=61.50.29 —10-2714307 


To the Radius — — 10 0000000 
So is the Tangent of the Baſe AB 50. 30.30. 100840242 


To the Sine of the Perpendicular BC 40 · 30.20 —9. 8125935 
D ror; P Oh 
According to Napiers Theorem, becauſe BC is the Middle Part 
and — and AB and <C Extreams Adjunct, it will be, 
| As R: t, AB:: c t, C: t, BC. That is, 
As the Radius — — | 


Tothe Tangent of the Baſe AB= 50-30-30 — 10.0840242 
So is the Co-tang. of the Angle at the Perp.,C=61.50.29 9.7285693 


To the Sine of the Perpendicular BC=40-30.20 —— 9.8 125935 
5 n 19: ' Caſe 


—— 10.0000000 


— 


- of &#. the * 


F fp nc0 of 
_ Given one Side or Leg, and an Angle oppoſi 
pothenuſe. a 15 dle Oppo 8 fad the 1 F 
| r, 


Given the Perpendicular and the Angle at 
Hypothenuſe. gle at the Pate” to Gag the 


Example, 


In the Spherical Taps ABC, Right-angled at B, 


EAZ47.54.20 
are given, . 8 ds AC. 


This Caſe is doubtful, and is projected 
like the 1/t Example of the 9th Caſe, and 
AC or its Supplement 4 C may be mea- 
ſured by the 3d Caſe of the 7th Problem, 


Logarithmicalhy, or by Coat: 

Produce the Sides AB and AC to D and 

E, till AD and AE are Quadrants, Cc. 

then in the two Spherical Triangles ADE 
and ABC, Right-angled at B and DP, . 

it will be, | 


As S. (DE= -) <A: 8. BC : 6 E= | 
R: S. AC. That is, | 2 * 


As the Sine of the Angle at the Baſe 2 54-20 —. eren 
To the Sine of — — 30.20 = —9 eee 


— —10.0009000 


80 is the Radius — — 
To the Sine of the Hypothenuſe letze — 9421659 | 
Nan © 8 Wpoſe 


* 


1 


of  — Spherical Trigonometry: 
| Whoſe Spies 118.55. 04 is of Length of 4 C. 


| r, 


"_— —_— _—_ SR ts a *» — 
ius W COPE 2 ——_ . 
* R - 
P ” . 


k 


To the Co-ſec. of the Pe « at the Baſe f=47. 54.20 116, 1295722 
So is the Sine of the Perpendicular MIS 50. 20——9-8125937 


— 


To the Sine of the er tas t. 04.56 —— 9.942 1659 
| As the Secant of the oj EY Oy BC=40- $0. 20 =— 10-1874063 


To the Radius — 10.0000000 
So is theCo-ſecant of che Angle at the Baſe 447 54.20 10 1295722 


— 


— ͥ — — — 


Caſe Oe! 4 253 T $6.1 _ 5 
Example 2. | g n 


Given the Baſe and the Angle at the Perpendicular wood "the 
Hypothenuſe. That is, 
In the Spherical Tri angle ABC, Right- angled at B. 
AB=50.30.30 
are given e 50297 wg. AC. 
* 


"This Caſe is doubrful, and: is ; Con- 

* Aiuftcd like the 24 Example of the gth 

B Caſe, and AC or its Supplement A « may 
be meaſured by E che 34 of Problem 
the 7 Section the 24. 


To the Sine of the Hypothenaſe AC=61. 04. 56 2 165 9 


 Logatithmically, or by Calculations © 
'Prodnce the Sides CA, CB, c. as in Caſe 
- the 2d. then in the two Spherical Triangles 
CDE and CBA, &c are given, AB and DE the 
Ml'eaſure of the Angle at C, W 
it * be * Av the 2d. 


Spherical D — +a 
| r <c: :R::S. BA: S. AC. That % 
As the Sin of the Angle at the Perpend. C=61 46—9 94529 36 


—— —— 


"To the Rad. 800000 
80 is the Sine of the Baſe AB=59-30-30 = ———9 8874582 
To the Sine of che, Hypothenuſe AC=64 04. 56 9.942 1646 


Whoſe Supplement 148-5 5-04, is the Meaſure of the Hype nuſe Ac. 
Which is the Game Proportion with that deduced from Napier: 


Theorem. 


r U | 

As the Radius— mn — - 10 oo 

To the Co- ſec of the Angle at che Perp. C=61.04. 56  10.99470%4 g 
So is the Sine of the Baſe AB Jo. 30.30 — 824782 ; 

To the Sine of the W 40s 04+ 71 —. 9421646 | 
— Or; 
As the Coker of the Baſe AB=5650 50 — —— — 3 178 

— — 
To the Radius — — als agate — — 100000000 


80 is the Co- ſec. of the Angle at che Perp. C=6 1.04: 56 10 0547964 | 
\To the Sine of * — A6 I ie. 9421646 


— Gy 
da . , " | _ | 
Hy 20% W D 


"Cale . * 


Given _ Side and an Ange oppoſite, to find the other Angle. 


gin S Porendictllars and * Angle at the Baſe to find rh E 
Ay at the en | 


4k the Spherical Triangle 486, Right angel at . | 
re giren I BC=40.3040 K reg C. 
N nn 2 


Spherical 'Trigonometry. 


| This Caſe is doubtful, and is projec- 
ted like the ghCaſe, and the Angle ACB 
B © theSupplementof a CB may be meaſured 
- (by Caſe the 2d of Problem the 10th, 
SR is / 3 


Gab act thts Ttorotort col c-: 
Lagarithmically, or by Calculation. 
"_— Having produced the Sides AB, AC, &c. as in 
= + "JT Caſe the zd; in the two Spherical Triangles CEF 
and CH, Right-angled at E and F, and having 
the Angle at C common to both, are given CF 
equal to the Complement of CB, FE equal to the 
Complement of ED, the Meaſure of the Angle at 
2 —D A, whence to find H the Meaſure of the Apgle 

= at C, it will be by Ax. the 1/2. © 
8. (CF= Comp.) CB : R. S:(FE=) Comp. (EDS) A: 
S. H=) C. That is 
As the Co- ſine of the Peependicular BC 40. 30.20. 9.88 10095 


T6 the Radius — — — 
So is the Co- ſine of the Angle at the Bale 4=47:54.20 9.8263 046 


OC —— — 


To the Sine of the Angle at the Perp. C 61.5 0.29—9.945 2951 


- 


& 14 1 —— 

Whoſe Supplement 118.09. 3 1, is equal to the Angle C of the Tri- 

angle 4 CB, and is the fame Proportion with that deduced from 
Napier, Theorem. e 


; | Or * | 
Fee rte wn Lon Tr a) 
As the Radius — — —<—Fo.8000000 


To the Secant of the Perpendicular BC=40.30-20 2104 189905 
So is the Co- ſine of the Angle at the Baſe 447. 54.20—9. 8263046 


To the Sine of the Angle at the P erp. E=61 .$0.39——9 8 


472957 
Or, 


- 1 
- ” - 
* 


l Spherical Trigonometry. | 1 Ot 


Cn | Or, 
As che * of the Angle at the Bale A=47:54.20 = 10. 0:1736954 
Tothe Radius —— ——10,0000000 | Y 


So is the Secant of the Perpendicular BC=40.30- 20.— 10.7 118990 o5 
o the Sine of the Angle at the Perp. n 29 = — aka 945 {52951 


SQaſe 11: 
/ mlb 2. 4 


Given the Baſe and the Angle at the Perpendicular, to find 
Angle at the Baſe. That is, 4 | * 
a the Spherical Triangle ABC, Right-angled at t B,. 


AB = 5e. 30.30 
EEE req. <A, 


* 


— 


— 


r — + * 

This Caſe is doubtful, * is Con- 
ſtructed like the 24 Example of the 9th 
Caſe, and the Angle CAB the Supple- 
ment of c 4B may be meaſured (by the 
34 Caſe of the roth Problem, Senior 


the 2d.) 1 £23 nei 58 


© % * 


Logarithmicalh, or is Caleulation. 


Havin produced the Sides CB, CA, &c. SE e 
as in Caſe the 3d, in the two Spherical Tri- TS... 
angles AIH and AEF, Righr-angled at E 
and I, and having the Acute Angle at A -H 
common, are giren AF equal to the Com- 
plement of AB, FE equal to the Comple- 1 "E | 
ment of ED, equal to the Angle at C, — go | 
to find — to the Angle at A, it will be by 4x. the 5 


As 


181 | Tpherical Db | 
. (AF=) Comp. AB (8. AH=)R::S. (FE=) Comp: 
(ED=)<C: : S. Hi) CA. That is, 

As the Co-fine of the 88K AB 50. 30. in —_——9.34338 


—_— — 


To che Radius —— —— 10,0000000 
So is the Co-ſine of the * at C 61.50.29 9.673 8628 


—————— —— 


To the Sine of the Angle at the Baſe A=47. 54.209. 8704290 


— 


| Whole Supplement 132.05.40, is the Meaſure of the Angle c AB, 
the ſame as is deduced! om m Napiers Theorem. 
Or, 
3 — ——— 10. 0000000 


As the a 


To the Secant of the Baſe 4 0 30. — fs 965862 
So is the Co- ſine of the Angle at the Perp. C61. 30.29. 6738628 


: To the Sine of the Angle at the Baſe A=47- 54+20 — 90 
As the Secant of the Angle: ns 289 Ons. 0 -A. gad 372 


To the Radius — — 
So is the Secant of the Baſe N 30.30— 10. 1965 662 


Teo the Sine of the Angle at the Baſe A=47.54-20 — 98704290 


— 


. 
* Caſe 12. ; iy oy 


Given the Hypothenuſe and one of the Sides: or Legs, to find ite 
'= contained Angle. 
Or, 


| Given the Hypothenuſe and the Perpetdiular, to find the Auge 
at the e ren | | 


bs, 


1 


Example. 


Spherical 2 
* * -.; | Example. | 4 


In the Spherical Triangle Ac, Right-angled at 2 


AC=61.04: 56 | = 
. 1 30 20% ; Frog N men 
Stereggraphically- * 
1. Having drawn the Primitive Circle 
fd B, the Diameter fB, and at 
Right-angles | to it d h ſer off the Chord 
of 40? 30-20" from Bto C, anddraw ' 
the Diameter cg, and at Right-anglcs 
to it e u. * 
2. About the Point c. =s Pole, de- 
ſcribe a Parallel of 615 56“ the 
Length of the Hypothenuſe AC (by the 2d Caſe of the *. Prob. 
Seffion the ad) and thro' the Interſection A and the Point C, draw a 
Great Circle (by Caſe the 2d of Problem the 1/8, Sec. 24) and the thing 
is done ; = we 4 A N — eu. be meaſured by Caſe the 24 of Pro- 
blem the 16th, Soft . 
| f — or by Calculation.” 
Having produced the Sides AC, BC,.8&c. 
as in the zu Caſe, in the two Spherical 
Triangles EI and FHG are given, EI e- 
qual to the Complement of EC, equal to 
AC, HF equal fo the Complement of FC, 
equal to AB, whence to find GH equal to 
the Complemrht of HI, equal to the An- 
gle at C, it will be by Axiom the 2d. 


As t, (EI Comp. of EC=) AC : t, (EH Comp of FC=) CB. 
: $.({G=) R:S. (GH=) Comp. of (HE) C. That is, 
As the Tangent of the Hypochenaſ AC==6 1 1 — 100.2577192 


= — — 


To the Nad —— 70.0000000 
So is the Tangent of the Perpend, BG=40, 30.9 dry 9315842 


0 PRI OR Pn PI 


To the Co-ſine of che Angle at the N Fun 299.6738650 


— — — 


— - 


” 


104 - © Spherical Trigonometry; 
Having produced the Sides CB, CA, Cr. 
aàs in Caſe the 3d, in the two Spherical Tri- 
angles FDB, FEC, Right- angled at D and 
E, are given, DB̃ equal to the Complement of 
CB, EC equal to the Complement of AC, 
whence to find FE equal to the Complement 
D of ED, the Meaſure of the Angle at C, it 
CM will be by Axiom the 2d. * 
As t, (BD)=Comp. of CB: t, (ECS) Comp. AC : : (S. FD=) 
:S. (FE=) Comp. (ED=) C. That is, oy” | 
As the Co- tangent of the Perpendicular BC 40. 30.20—10.0684158 


E 5 


To the Co- tangent of the Hypoth. AC=61.04.56——9.742; 2808 


So is the Radius — 100000000 
To the Co- ſine of the Angle at the Perp. C=6 1.50 29 9.673 8650 


3 5 | Or, 9 
According to Napiers Theorem, becauſe the Angle at C is the 
Middle Part and required, and AC and BC Extreams Adjunct, it 


will be | 0116 BY 
| R: ct, AC: : t, BC: ct, TC. That is, 
As the Radius ——= — — — 0 ooooooo 


To the Co tangent of the Hypoth. AC=61.04.56 —9.7422803 
So is the Tangent of the Perpendicular BC=40-30-20 —9. 93 15842 


To the Co- ſine of the Angle at the perp. C=61.50 29 9-6738650 


— — 


Caſe 12. 

3 | Example 21 | 
Given the Hypothenuſe and the Baſe, to find the Angle at the 
Baſe. That is, | ' 

In the Spherical Le ABC, Right-angled at B. 
8 AC 61. 0456 1. 2 

| are given J AB 50. 30.20 req. RA. 

| Con- 


- 
* 


* e ese as 


Spherical Trigonometry. 
The Stereographic Solution. 1h. - 
1. Having drawn the Primitive Circle 
Bd fh, the Diameter F B, and at Right- - 
angles to it h, ſet off AB 5odeg. 30 
mia. 30 ſec. from B to A, (by Caſe the 2d 
of Problem the 6th, Section the 24.) ' 
2. About the Point A as a Pole, deſcribe 
the Parallel C B of 61* oA 56 the Length 
of the Hypothenuſe (by Caſe the 3d of 
Prob. the 4th, Sect. the 2d.) to interſect the 
Primitive Circle in the Point C0 1 | 
3. Thro'che Points C and A draw the Great Circle C&A (by Prob. 
the 1/t of Caſe the 24, of Seti. the 24.) and the thing is done; and the 
Angle at A may be meaſured by Caſe the 3d of Problem the 10th, of 


— 


Section the 2d. 
; Logarithmically, or by Calculation. | 
| Having produced the Sides CB, CA, &c. _ - 
as in Caſe the 3d; in the two Spherical Tri- 
angles GIE and GH, Right-angled at H _ 
and J, and having the Angle at G common, 
are given HF equal to the Complement of 
FA equal to AB, IE equal to the Comple- 
ment of EA, equal to AC, whence to find GH equal to the Com- 
| plement of Hl, equal to the Angle at A, it will be by Ax. the 2d. 
| As t, (LE=Comp. AES) AC: t,(HF= Comp. of FA=) AC: : 
| (S. 1G=) R: S. (GH Comp. of H) <4. Thar is, - 
As the Tangent of the Hypothenuſe AC=61-04.56 ro.2577192 


| To the Tangent of the Baſe AB==50.30.30 —————10.0840242 
. So is tlie ius — — ——10.0000000 
To the Co-fine of the Angle at the Baſe A=47.54.20—9.8263050 

ik | pers: vt. ee 


Having produced the Sides CB, CA, &c. 
as in Caſe the 1ſt, in the two Spherical Tri- 
angles FDB, FEC, Right-angled at E and 
D, and having the Angle at Fcommon, are 
given BD equal to the Complement of AB, 
EC equal to the Complement of AC, whence 
to find FE equal to tne Complement of ED, 


: 4 OOo the 


x66 Spherical Trigonometry. 

the Meaſure of the Angle at A, it will be by Axiom the 2. 

Ast, (BD=) Comp. AB: t. (CE =) Comp. AC : : (S DF=) R 
S. (EES) Comp. of (EDS) <A. That is, | 

As the Co-tang. of the Baſe AB=5y0.30.30 


9.9159758 


— — 


To the Co- tangent of the Hypothenuſe 4061.04.56 —9.7422808 
So is the Radius — — — - 10,0000000 


To the Co-ſine of the Angle at the Baſe 4=47.54.20 9.8263050 
Or, WE ic nol 

According to Napiers Theorem, becauſe the Angle 4 is the Mid- 
dle Part and required, and AC and AB Extreams Adjun& it will be, 
As the R: ct, ACt:t, AB: cs, QA. That is, 

As the Radius  —_————__——— — —I10.0000000 


lt. 


To the Co-tangent of the Hypothenuſe=61.50.29— 9.7422808 
So is the Tangent of the Bafe AB=50.30.30 ———10.0840242 


To the Co-ſine of the Angle at the Baſe A=47 54.20 9.8263050 
Git 13. 
. Given the Hypothenuſe and one of the Legs, to find the Angle 
oppoſite. 9 | 15 
Or, LY 
Siren the Hypothenuſe and the Perpendicular, to find the Angle 
at the Baſe. | 
_ 1 Example 
In the Spherical Triangle ABC, Right-angled at B. 


l AC=61-04.56C __ 
* — $ reg. <A. 


This Cafe is Conſtructed after the 
ſame manner as Caſe the 12th, and the 
Angle at A may be meaſured by Caſe 
the 3d of Prob. the 10th, of Sed. the 24. 


» 


Loga- 


Logarithmically, or by Calculation. 


Having produced the Sides AB, AC, 2 
&c. as in Caſe the 24, in the two Spheri- | 
cal Triangles ADE and ABC, Kight- 
angled at B and D, and having the ſame 
Acute Angle at the Baſe A common, are 
given AC and BC, whence to find DE 
the Meaſure of the Angle at 4, it will be 
by Ax. the 1ſt. 
As S. AC: S. CB: : (S. AES) R: S. (ED=)< 4. That 


is, | 
As the Sine of the Hypothenuſe AC=61.04.56 —=—9.9421641 + 


To the Sine of the Perpendicular BC=qo'30«20 9.81259 37 
So is che Radius — — 10,0000000 
To the Sine of the Angle at the Baſe A 47.54. 20 — 9.8 704296 5 
Or” | | ae, 4 8 
As the Radius — — 1 0.000000 


E 
So is the Sine of the Perpendicular BC 40. 30.20 —9.8125937 


—ů——— — 


To the Sine of the Angle at the Baſe A 47.5420 9.704296 


* — ron, 4 


As the Co- ſecant of the Perpendicular BC=40.30.20 10· 1874063 


To the Radius . w4„»é„é᷑ XU! 10.0000000 
So is the Co-ſecant of the Hypoth. AC=61.04-56—10-0578359 


To the Sine of the Angle at the Baſe A=47.54.20——98704296 
Caſe 13. | 

5 „ 
Given the Hypothenuſe and the Baſe; to find the e at the 
Papendicalar. Thar, 68% > In 


108 ? Spherical 1 
In the Spherical Triangle ABC, Right- angled at B, 


= 6 
* given 1435 261 045 7 re req. <C. 


AB=50.30.20 
5 / | 
E = | 
7 a This Caſe is Conſtructed like the 2d 
N Example of the 12th Caſe, and the An- 
HY gle at C, may be meaſured by Caſe 
[XA B the 2d of Problem the toth, * 
| the 2d. 
1 


leica, or by Calculation. 

Having produced the Sides CB, ca, 
to D and E, Cc, as in Caſe the 24 in 
the two Spherical Triangles CDE, CBA, 

Right-angled at Band D, and having the 

Angle at C common, are given AC, AB, 
"whence to find ED the Meafare oy the 

Angle at C, it will be 


As 8. AC: S. AB: (Ss CE=)R :S. (ED=) <C. That i is, 
As the Sine of the Hypothenuſe AC=6 e — . 9421641 | 


To the Sine of the Baſe n zo — 
So is the Radius — — — — o 


eh the Sine of che Angleat the Os * 50. 2 9452941 


7 L 
4 3 


A Ridins rern loco 


5 


9.88745 82 


1 


To the Co- ſecant of the Hypothenuſe CAS 61. 4 $6-—10. O5 783 59 
So is the Sine of the Baſe AB 50. i 30 — —9.8874582 


8— — 


To the Sine of tlie Ausle At the Perpend. D 1.50, 29—9.9 


945.2941 
ab uh Or, 


1 '\ q Dr 55 
5 Ts . — p G1 TL >. # 12 oy T2371 b 


& 


Spherical Trigonometry 2 n 


As the Co- ſecant of the Baſe 1 30 — 10. 1125418 


—— — 


To the Radius — ——— —10.0009000 
So is the Co lecant of che Hypoth. AC=61.04.56—10.0578359 


— — 


To the Sine of the Angle at the Perpend.C=61.50.29 9:9452941 \ 


Caſe 14. 
Given the Hypothinaſe and one of the Ps to find the other 
3 Or, 
Given the 1 and the Perpracicular, to find the Baſe 
Example. 
In the Spherical Triangle ABC, Right-angled at , 
are given, 3 8 req. AB. 


This Caſe is | Conſtructed like the 1275 
Caſe, and the Baſe AB may be meaſured | 
by the 24 Caſe of the 7th Problem, of 
Sekt. the 2d. 


Logurithmicalh or by C Caleulatin, 


Produce the Sides AC, AB, Cc. as in 
Caſe the 10. then in the two Spherical 
Triangles FDB, FEC, Right- angled at 
D and E, Cc. are given, FE equal to 
the Complement of CB, EC equal to 
the Complement of AC, whence to find 
BD the Complement of AB, it will be 
by Axiom the 1ſt. 


«© —_ Spherical Trigonometry. 


4s $.(FC= Comp JCB: (8. FB=)R: : 8. ( CE= ) Comp, 
AC: S. (BD) Come. AB. That is, 


As the Co- ſine of the Perpendicular CB=40. 30.20 — 988 10095 


To the Radius — IO. oc ooooo 
So is the Co- ſine of the Hyporhenuſe Ac 1. 04.56 —9-6844449 


To the Co-Sine of the Baſe AB=50 30.30 
Or, 


As the Radius === = == = 1 0.0000000 


— —— — > ————A 


9.8034354 


9 


Io the Secant of the Perpendicular CB= 40.30.20 — 10. 1189905 
So is the Co-tine of the Hypothenuſe AC 1.04.56 * 6844449 


To the Co-ſine of the Baſe AB=250. 30.30 —= 4 98034354 54 


As the ** of the Hypothenuſe AC=61 ebe e 


To the Radius n e — — 10-0000000 
So f is the Secant of the Ne 8087 30. 20 — 10. 1189905 


—̃ 1ĩ48ꝝ—k — 4 


To the Co-ſine of the Baſe 2 30 3 $034354 54 


r 


ut. 


i 


Caſe 14. 


Example 21 


Given the Hypothenuſe and the Bale, to find che Perpendicu- 
lar That is, 


In the Spherical Triangle ABC, Righr-aogled at By 


| AC=61-04.567 
re given = A8 S req. be. 


Gere Tiger 


This Cafe is _ Conſtructed like 
the er the 12th Caſe, and 5 
BC may be meaſured by the Line of 
Chords. 


. o 


Logarithmically, or by Calculation. 
Produce the Sides CB, BA, &c. as in the. 
2d Caſe, then in the two Spherical Triangles 
FBD and FEA, Right-angled at D and E, 
Cc. are given FA equal to the Complement 
of AB, AE equal to the Complement of AC, 
whence to find DB the — aine of BC, 
it will be by Axiom the 1ſt. 


FA=) Comp. AB: S. (AE=) Co AC:: \FB=)R- 
$. (h ) Comp. BE Tha (4 =) Comp. AC: : (S. FB) R: 


As the Co- ſine of the Baſe 3 — 80343 38 
Tothe Co- ine of the H thenuſe 54% 61.04-56—=9.68 

So is the Radius 9 a. * 
To the Co-ſine of the Perpendicular BC=40.30.40 — $0: 

KS. Or, | | 

As the Radius ö mmm mmm 19.0000000 

To the Secant of the Baſs A Bg 0.30 10.1 65662 
So is the Co- ſine of the Hypothenuſe A626 I N —9. — 


To the Co-ſine of the Perpendicular . 30.20 —9. 88101 11 


W 


Problem the 7th, Section the 2d. 


112 Spherical Frignometry. | 


© | tothe 5 1 5 
As the Secant of the Hypothenuſe AC 61.0456 — 110.3155551 
To the Radius a —— to. oo ooo 
So is the Secant of the Baſe AB 50. 30. 30o ——P———1:0. 1965662 


To the Co- ſine of the Perpendicular BC 40. 30. 209.88 10111 


— — 


Caſe 15. 
. Given the two Angles, to 8 Hypothenuſe · 


Given the Angle at the Baſe and the Angle at the Perpendicular, 
to find the Hypothenuſe. 5 | 


5 & 44; Example. | 
In the Spherical Triangle ABC, Right-angled at B, 
— SA 4754. 20? 
are given d 1 req. AC. 
33 ef The Stereographic Solution. 7 
WP 47 1. Having drawn the Primitive Cir- 


e— | Ne dle BA b, the Diameter FB, and at 
1 Right- angles to it dh, about the Point 
V d as a Pole, deſcribe the Parallel 32 2, | 


| .F —.— | 2.— at the diſtance of 47 deg. 54 min 20 ſec. 


equal to the Angle C, by-Caſe the 2d of 
Problem the 4th, Se the 2d | 


EY SE 2. About the Point d deſcribe 
3 e 2 = aa mp n, at the diſtance o 
G1 deg. 50 min. 29 ſec. equal to le A, by Caſe the: 1 
Problem the 4th, Section the 2d. Ang | 57 4 * 
3. Thro' the Interſection p draw the Diameter e u, and at Right- 
angles toi ggg. 2 
4. About the Point p as a Pole, deſcribe the Great Circle c A 2, 
and the thing is done; and AC may be meaſured by Caſe the 3d of 


Loga- 


_ _ . 


TY Spherical Thigonometry. 


Logarithmically, or by Calculation · 


Having produced the Sides AB, AC, &c. 
as in Caſe the 3d. in the two Spherical Tri- 
angles (IH and CEE, Right-angled at I and 
E, &c. are given HI equal to the Angle at C, 
FE equal to the Complement of ED, equal to 
the Angle at 4, whence to find EC equal to 
the r of AC, it will be * Axiom 
the 24. 


As t, (HI 3 t, (FE=) Comp. (ED=)<A: ” CIS)R* 
S. (CE=) Comp- AC. That is, 5 
As the Tangent of the Angle at the Perp. Ct. 50. 29 10. 2714307 


To the Co-tang, oſthe _— at * — 5420 9.95 587 35 


So is — — 10.0000000 
To the Codes of the W ACS 1-04-56 —9 6 6844428 , 
| 3 He 
Having produced the Sides CB, CA, &c. 
as in Caſe the 3d, in the two Spherical | G — 


Triangles AH, AER, Right- angled at 
E and J, &c. are given HI equal to the 
Angle at A, FE equal to the Complement 
of ED, the Meafure of the Angle at C, 

whence to find E4 the Complement of 
Ac, it will be by Axiom the 2d. 


As t, I=) <A : t, (FE=) Comp. (ED=) <C: : (S. 14=) 
R: S. (EA Comp. AC. That is, 
As the Tang. of the Angle at the Baſe A=47. 54-20 10 0441 265 


—— — — 


To the Co- tang. of the Angle at the Perp. C= 61.50.29 —9.73856 
So is the Radius 5 2 


— —ů—ꝛ • Gëßð— 


To the Co- ſine of the Hypothenuſe 4061.04.56. —9 6844428 


A — ——— — 


Pp p 15 Or, 


* 


brig Spherical Trigonometry. 
46 Og fs 


According to Napiers Theorem, becauſe AC is the Middle Part 
and required, and the Angles A and C Extreams Adjun&, it will be 


As R: et, A:: ct, C: cs, AC. That is, 
As the Radius — —— . — lo. ooooooo. 


To the Co- tang. of the Angle at the Baſe 447.5 4.20 9.95 19737 
So is the Co- tang. of the Angle at the Perp. CS 1.50.29 9.728569; 


To the Co- ſine of the Hypothenuſe AC=61.04.56 9.684442 I 
Caſe 16. 


Given the two Angles, to Nes one of the Legs. 


<a r, | , | 
Given the Angle at the Baſe and the. Angle at the Perpendicular» 


" Example. 4 Q | 
In the Spherical Triangle ABC, Right-angled at B. 


| "FE <A=47-54-20 


* 


© This Caſe. is Conſtructed like the 
15th, and BC may be meaſured by 
the Line of Chords. © 


| Spherical Trigonometry.... Rs 1 
C Logarithmically, or by Calculation- + | 


Having produced the Sides AC, BC, &c. . 
Caſe the 3d, then in the two Spherical 
- wt CIH, CEF, Right-angled at J and 
. 


E, &c. are given, HI equal to the Angle at 
C, FE equal to the Complement of ED, e- 
qual ro the Angle at 4, whence to find (F 
equal ro the Complement of CB, it will be 
by Ax. the /t. | 


As S. (IH) C: 8 HC=)R::S. (EF=)Comp- 820 <A 
: S. (MS) Comp. CB. Thar is, 


As the Sine of the AP at the 177 85 C=6 1. 50.29 


99452936 


To the Radius | — -10.0000000 8 
So is the Co ſine Xs Angle at the Baſe F 2a 54-20—9.8263046 


To the Co-ſine of the Perpendicular BC Ao.; 0-20—9.8810110 


10-0000000 


To the Co-ſecant of the Angle at the Perp.C=61:50-29 10.0547064 
So is the Co- ſine of the Angle at the Baſe A=47-54-20 9.8 263046 


To the Co-ſine of the Perpendicular BC=40. $0497 —9.8810110 


Or, by 
As the lineal the Ang at the Baſe A=47. $420 —10. 1736954 


h 
—— 


To the Radius -—— ĩ„õ ooo, -. XD0000000 
So is the Co-ſcc .of the Angle at thePerp. C=61:50.29 100547064 


To the Co- ſine of the Perpendicular BC Ao. 30 20 9.881010 


IP 


Ppp2 | Caſe 


Spßerical Trigonometry. © 
116 Dag ters "Ihe 


According to Napiers Theorem, becauſe AC is the Middle Part 
and required, and the Angles A and C Extreams Adjun&, it will be 


As R: et, A:: ct, C: cs, AC. That is, 
As the Radius — — ——0.000c0 


To the Co-tang. of the Angle at the Baſe 4847.54.20 9.95 8 
So is the Co- tang. of the Angle at the Perp. CS 61.50. 29 * 494 


To the Co- ſine of the Hypothenuſe AC=61.04.56 9.6844428 


— —— — TT — 


| Caſe 16. 
Given che two Angles, to fnd on of the Legs. 
Given the Angle at the Baſe and the. Angle at the Perpendicular» 
to find the Perpendicular. _  - NS. 1.7 
a 5 " Example. | 


In the Spherical Triangle ABC, Right-angled at B. 


| Eu <A=47-54:20 4 
are gien J CC=61.50-29 N «a li | 


"=P 


. This Caſt is Conſtructed like the 
_ 15th, and BC may be meaſured by 


"_ * % 


Spherical Trigonometry.-. 8 
4 Logarithmically, or by Calculation | 


Having produced the Sides AC, BC, &c. 
Caſe the 3d, then in the two Spherical 
> CIH, CEF, Right-angled at I and 
E, &c. are given, HI equal to the Angle at 
C, FE equal to the Complement of ED, e- 
qual to the Angle at 4, whence to find CF 
equal ro the Complement of CB, it will be 
N the 1/2. „ 


As S. (IH) C: (S. HC=) R: S. (EF )Comp-(ED=) <A 
: S. (FC=) Comp. CB. Thar is, 


As the Sine of the Angle at the 1h” o br. 50. 9 


9. 945 2936 


— 


To the Radius | = 
So is the Co ſine of the Angle at the Baſe A=47.54-20—9. $263 046 


To the Co- ſine of the Perpendicular BC= =40.30- 20—9.8810110 
6.10 2135-000 VN 
As the Radius. — 10-0000000 


To the Co-ſecant of the Angle at the Perp.C=6 1:50. 29 10.0547064 
So is the Co- ſine of the Angle at the Baſe + A=47-54.20 9. 8263046 


To the Co: ſine of the Perpendicular BC=4o. 8 587 


Or, 
As the e the  Angl at the Baſe A=47-54-20 -i. 1736954 


To the Radius -—— xu —— * 
So is the Co- ſec. of che Angle at bebe et 1.50. 29 10.054704 


—  — 


To the Co- ſine of the Perpendicular BC Ao. 30 20 — 9.881010 


ä 1 10 


* 


Pppa 4, ls; 


lo. ooo 
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Caſe 16. 1 
Example 2. 


Given the Angle at the Baſe and the Angle at the Perpendicular, 
to find the Baſe. * Thar is, 
In the ä Triangle ABC, Right · angled at B. 


DA A7 54.20 
are given <C=61-50 Tot req. AB: 


This Caſe is Conſtructed like the 

15th, and AB may be meaſured by 

| 2 2d of Problem the 7th, Section 
the i 


Logarithmicalh, or by Calculation. 
_ Produce the Sides CB, CA, &c. as in 
Caſe the 34, then in the two Spherical Tri- 
angles AIH and AEF, Right-angled at 
E and J, &c. are given HI equal to. the 
Angle at 4, FE equal to the Comple- 
ment of ED, equal to the Angle at C, 
whence to find FA equal to the Comple- 
ment of AB, it will be by Ax. the 1ſt. 

As S.(HI-)<A : S. (FE=)Comp. (ED=)<C : 18 (AH=)R: 
S. (F4 =)Comp. AB That is, 

As the Sine of the Angle at the Baſe A=47.54-20——9 8704278 


— — 


To the Co- ſine of the Angle at the Perp. C=61.50. 29— 9.673 8628 
801 is the Radius —— 1 10.0000000 


— — 


— ,. 


To che co line of the Baſe AB=50.30. 30» — - 9.8034359 


- 


Or, 


Or, 
As che Radius- - ——— — 0.000009 


— - 


To the Co-ſec. of the Angle at the Baſe 447.54 20 10-1295722- 
So is the Co · ſine of the Angle at the Perp C=61.50.29 96738628 


To the Co- ſine of the Baſe AB 50. 30.30 


—9.8034350 


— — — — —ñ— 


| Or, 
As the Secant of the Angle at the Perp- 61.59.29—10-3261372 


To the Radius —— 1o. oo 
So is the Co- ſec. of the Angle at the Baſe. 445.5 4.20 10.129572 
| | oft HY 


we 


To the Co-ſine of the Baſe AB=y0 30.30 . — 9.803435 


ä 


—:0: 


To avoid Confuſion as much as poſſible, and to render every thi 
as clear as may be, I have in the Application of the two fir 
Axioms to the Solution of the former Caſes, made the Productions 
from whence the Proportions are deduced by themſelves, tho they are 
ready prepared to our Hands, in the Conſtruction of almoſt every 
Caſe; thus, in Caſe the 1ſt, where the two Legs AB and BC, are 
given, to find the Hypothenuſe, be: 
cauſe in the two Spherical Triangles 
TBD, and FAE, Right-angled at 
D and E, and having the ſame Acute 
Angle at the Baſe AFE, we have 
given FA the Complement of AB ; 
and BD the Complement of CB 
whence to find AE the Comple- 
ment of AC, it will be by Axiom 
the 1/2, WC Rs 


As the S. FB: S. FA: :S. BD: S. AE. That is, becauſe TB 


is a Quadrant or go deg. oo min. 
As the R: c, AB:: cs, BC: „Ac. 
5 : Again, 
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| Again, 

In Caſe the .24, where the two 
Sides A Band AC are given, to find 
either of the Angles, ſuppoſe C; 
becauſe in the two Spherical Tri- 
angles CBA and CDE, Right-angled 
at Band D, and having the ſame A- 
cute Angle at the Baſe C, are given 
CB and BA, whence to find ED the 


' Meaſure of the Angle at C, it will 
be by Axiom the 2d. 


As the S. c: S. CD : t, AB: t. ED. That is, becauſe CD is 
equal to a Quadtant, 5 Mi 
; As the S.CB:R::t,AB:t,<C. 


Again, 

. Tf the ſame two Sides AB, BC, 
were given to find the Angle at A, 
having defcribed about the Point A 
as a Pole, the Great Circle ED, 
and produced the Sides AB and AC, 
to D and E, in the two Spherical 
Triangles ABC and ADE, Right- 
angled at B and D, are given AB 


” | bs and BC whence to find DE, the 
ESR | Meaſure of the Angle at A, it will 
be by Axiom the 2d. 


As the S. AB: S. AD: t, BC: t, DE. That is becauſe, AD is 
a Quadrant, 


As the S. AB: R:: t,. BC: t, <A. 


„ 
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Again | 

In Caſe the .3d, where the Hy- 
pothenuſe AC is given and one of 
the adjacent Angles, ſuppoſe C, to 
fiad the other adjacent Angle A, 

Having about the Point A as a 
Pole, deſcribed the Great Circle 
GHI, in the two Spherical Tri- 
angles AEF and AIH, Righrt-an- 
gled at E and I, and having the 
fame Acute Angle at the Bale 
FAE common to both, are given, 
AE the Complement of AC, EF 


the Complement of ED, the Meaſure of the Angle at C, whence to . 
find TH the Meaſure of the Angle HAT equal ts CAB, it will be 


by Axiom the 2d. Wen 
Ars the S. AE: S. AI:: t, : t, IH. That is, becauſe AI is a 


Quadrant. | 
As the cs, AC:R::ct,<C:t, A. 


After the ſame manner may the Proportions be deduced for every 


Caſe, from the Conſtructions themſelves by Inſpection. 

Tho I have given but three different Slutions to moſt of the Caſes 
and which is ſufficient for my purpoſe, yet, he that underſtands the 
former Section may eaſily deduce 3 others. 

To ſhew the Extenſive Uſe of the 2d Section, as well as to gratify 
the Curious, I have added a great Variety of different Conſtructions 
of the ſame Caſe, which being well underſtood, will contribute ver 
much to the thorough Underſtanding of the Projection of the Sphere 
the Conſtructing of Pherical Triangles, and Aftronomical Problems. 
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Section VI. 


Containing a Demonſtration of thoſe Theorems commonly 
called Axioms, by which the ſeveral Caſes of Oblique- 
angled Spherical Triangles are reſolved. 


I. VERY Oblique-angled Spherical Triangle may. be redu- * 
ced into two Righr-angled Spherical Triangles, by letting 


fall a Perpendicular from any one of its Angles upon the oppoſite - 
Side, praduced if need be. 


2. The Perpendicular when let fall, either divides the Oblique- 
angled Triangle into two Right-angled Triangles, or produces two 
by adding of one to it. . 


Fig. I. . Fig. 2» 7211 
EXE D | D 
| | 
B l 1 B 8 


3. If the Perpendicular DA falls within (as in Fig the 187) it 
divides the Oblique-angled. Triangle BDC into two Right-angled 
Triangles BAD and CAD- But, 9 2 | 7 

4. If the Perpendicular DA falls without (as in Fig. the 2d.) it 
produces two Right-angled Triangles BAD and CAD, by adding 
of one Right-angled Triangle CAD, to the Oblique-angled Tri- 
angle BDC firſt given. & 

5. If the Angles DBC and DCB, at the Baſe BC of the Oblique- 
angled Triangle BDC are ſimilar, that is, both Acute or both Gb 
= (as in Fig. the 17.) then the Perpendicular let fall from the An- 
gle D oppolite to the Baſe, falls within the Triangle. 


A | 8 For, 
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For if the Perpendicular fall without (as in Fig. the 2d) then be 
cauſe (by the 28th Ar. of Seti. the 3d) the Angle DCA of the 
Triangle DAC, is ſimilar to the Perpendicular DA, and the Augle 
DBA ofthe Triangle DAB, ſimilar to the Perpendicular DA by the 
ſame, it follows that the Angles DCA and DEC are ſimilar, that is, 
both Acute or both Obtuſe, and conſequently the Angles DCB and 
BCD are diſſimilar, that is, one Acute and the other Obtuſe, which 
is contrary to the Hypotheſis ; wherefore the Perpendicular DA 
muſt fall within (as in Fg. the 1ſt.) Again, f 


7. If the Avgles DEC and DCB at the Baſe BC are diſſimilar, that 
is, one Acute and the other Obtuſe (as in Fig. the zd) then the 
Perpendicular let fall from the Angle oppoſite to the Baſe, will fall 
without the Triangle upon the Baſe produced. 
For if the Perpendicular falls within (as in Fg. the 1) then becauſe 
the Angle DBA of the Triangle DAB, is ſimilar to the Perpendi- 
cular DA (by the 28th Ar. of Sed. the 3d.) and the Angle DCA of 
tne Triangle DAC ſimilar to the ſame Perpendicular DA: by the 
ſame it follows, that the Angles DBC and DCB at the Baſe are 
ſimilar, that is, both Acute or both Obtuſe, which is contrary to 
the Hypotheſis ; wherefore in this Caſe ths Perpendicular will fall 
without (as in Fig the 2d.) | 
8. Wherefore, If a Perpendicular DA, let fall from any Angle D of 
the Oblique angled Spherical Triangle BDC, fall within theTriarg'e 
(as in Fig the 157) the Angles DBA and DCA at the Baſe DC, ſhall 
be both ſimilar, that is both Acute or both Obtuſe, and on the 
contrary, if the Perdendicular DA fall without the Triangle (as in 
Fig. the 24.) the Angles DBA and DCA at the Baſe DC, ſhall be 
diſſimilar, that is, one Acute and the other Obtuſe, and the Perpen- 4 
dicular ſhall fall on that part of the Baſe produced, where the Angle | 
is greater than a Right-angle. ee | 
or, If the Angles DBA and DBC at the Baſe DC are diſſimilar, 
that is, one Acute and the other Obtuſe, then the Perpendicular DA 1 
will fall without the Triangle (as in Fig. the 24) by the 7th preceding | 
Ar. which is contrary to the Hypotheſis ; and on the contrary, if | 
the Angles at the Baſe are ſimilar, that is, both Acute or both Ob- 
tuſe, (as in Fig. the 1ſt) then the Perpendicular will fall within by 
the 6th preceding Ar. which is alſo contrary to the Hypotheſis; 
+ wherefore if the Perpendicular fall within, the Angles at the Baſe will 


be ſimilar. | _ 
dag | * That 
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The Sides BD, DC, comprehending the Angle D, from whence 
the Perpendiculcar is drawn are called the Hypothenuſes, BA, AC, the 
Baſes, the Angles B and C the Angles at the Baſe, and the Angles 
BDA, BDC, the Angles at the Vertex or Anglesat the Perpendicu- 
lar, of the two Right-angled Spherical Triangles BAD, DCA, ha- 
ving the fame common Perpendicular DA ; theſe things being 
premiſed, it follows, 

1. That the Sincs of the Hypothenuſes BD and DC, are reci- 
procally proportional to the Sines of the Angles at the Baſe B and 
C, and the contrary. | ; . 

For in the Triangle BDA Right-angled at A, S. BD: R:: 
S. DA: S. B (by the 2d Cor. ot the 4th Section) and in the I ri- 
gle CDA Right-angled at A, S. DC: R:: S DAS. < C by the 
ſame ; wherefore by the 12th Cor. of the 15th Geom. Theor. it will 
be, S. DC: S. BD: : S. B: S. . 

2. The Co- ſines of the Angles B and C at the Baſe, are directly 
proportional to the Sines of the Angles BDA, CDA at the Vertex, 
and the contrary; 

For by the 52h Cor. of Sect. the 4th, in the Triangle BAD the R: 
cs, DA: : S. BDA: cs, B, and in the Triangle CAD, R: cs, DA 
:: S. CDA: cs, <C by the ſame ; therefore by the x 12h Cor. of the 
15th Geom. Theor it will be, S. BDA: S. CDA: : cs, B: cs, C. 
That is, As cs, B: cs, C:: S. BDA: S. CDA. | 

3. The Co- ſines of the Hypothenuſes BD, DC, are directly pro- 
portional to the Co- ſines of the Baſes, and the contrary ; 
For by the 3d Cor. of the 4th Sect. in the Triangle BAD, the 
R: es, DA: : cs, BD: cs, BA; and in the Triangle, CAD R: 
cs, DA i: cs, DC: cs, AC by the ſame, wherefore (by the 11th 
Cor. of the 15th Geom. Theor. Iſt) cs, BD: cs, PC:: BA: cs, AC. 

4. The Sines of the Baſes BA and AC are reciprocally proporti- 
onal to the Tangents of the Angles at the Baſe, and the contrary ; 
For by the 2d Cor. of the 4th Section in the Triangle BAD it 
will be, S. BA: R:: t, DA: t, B, and in the Triangle CAD, 
S. DA: R:: t, DA: t,<D by the ſame; wherefore by the 125 
Cor. of the 15th Geom. Theor. it will be, S. DA: S. BA : : t, B: 
t. D. 3 | 

5- The Tangents of the Hypothenuſes BD and DC, are recipro- 
cally proportional to the Co-fines of the Angles BDA and ADC at 


the Vertex, and the contrary; d 
| | . Or 


— 


— 
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For by the 470 Cor. of the 4+h Section in the Triangle ADB, t, BD 

: Rt, DA: cs, BDA, and by the ſame in tae Triangle CAD, 

t, DC: R:: t, DA: cs, ADC, wherefore by the 12th Cor. of the 
15th Geom. Theor. t, BD: t, DC:: cs, ADC: cs, ADB. 

6. The Tangents of the Baſes BA and AC, are directly propor- 
tional to the Tangents of the Angles BDA and CDA at the Vertex, 
and the contrary ; 

For by the 24 Cor. of the 4th Section, in the Triangle BAD, R: 
S. DA: : t, BDA: t, BA; and by the ſame Cor. in the Triangle 
CAD, R :cs, DA :: t, CDA: t, CA, wheretore by the 1 22h Cor* 
of the 15th Geom. Theor. t, BDA: t, CDA : : t, BA: t, CA; or 
which is the ſame, t, BA: t, CA: . t, BDA: t, CDA. 8 

Hence, and by the two firſt Propoſitions of Section the 4th, may 
any of the firſt Ten Caſes of Oblique · angled Spherical Triangles be 
readily reſolved, for becauſe in every Oblique- angled Spherical Tri- 
angle, there are always three things given, and in each of the firſt 

Ten Caſes either two Sides and one Angle or two Angles and one 
Side, if a Perpendicular be let fall from the end of that given Side 
which 1s adjacent to the given Angle, and ſo as to fall oppoſite to 4 
the ſame given Angle, we ſhall always have a Hypothenuſe (viz. | 
the Side from whence the Perpendicular is drawn) and an Angle at | 
the Baſe (viz. that Angle which is oppoſite to the Perpendicular when 
drawn) given, in one of the R.ight-angled Spherical Triangles thus 
produced, and in the other Triangle either a Hypothenuſe or Angle 
atthe Baſe, or the Baſe and Angle at the Perpendicular may be rea- 
dily found, by adding or ſubſtracting the Baſe or Angle at the Perpen- 
dicular in the firſt Triangle (inveſtigated by the help of the x/t or 2d 
Axiom or Propoſition of Seft. the 4th, from the Hypothenuſe and An- 
gle at the Baſe) from the Side in the Oblique-angled Triangle upon 
which the Perpendicular fell, or the Angle from which it was drawn, 
and then comparing thegiven parts in one with the ſimilar parts in the 
other, the part required will be eaſily found by the help of ſome of 
the former Corollarys. | 
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. Suppoſe for Example, in the Oblique-angled Spherical Triangle 
BDC there were given BD, the Angle B, and DC, to find the An- 
gle C, if in this Caſe the Perpendicular DA be let fall from D, one 
end of the given Side BD, which Side is adjacent to the given Avgle 
B, and ſo as to fall oppoſite to the ſame given Angle, we ſhall have 
given in one of the Right-angled Spherical Triangles BDA thus pro- 
duced, BD the Hypothenuſe, and the Angle B the Angle at the 
Baſe, and in the other Triangle DAC, the Hypothenuſe DC, to 
find the Angle C the Angle at the Baſe, and becauſe (by the 1/ Cor. 
of this Section) the Sines of the Hypothenuſes are reciprocally pro. 
portional to the Sines of the Angles at the Baſe, it will be as the Sine 
of the Side DC (one of the Hypothenuſes) to the Sine of the Side 
DB (the other Hypothenuſe) ſo is the Sine of the Angle B (one ot 
the Angles at the Baſe) to the Sine of the Angle C (the other Angle 
at the Baſe) which is ſimilar to the Angle B if the Perpendicular 
fall within as in the firſt Figure, but diſſimilar, if it fall without, as 

in the 2d Figure. | | | 
Again, in the ſame Triangle, if the ſame things were given as be- 
fore, and inſtead of the Angle at C the Side BC were required, ha- 
ving ler fall the Perpendicular DA as before, firſt in the Triangle 
BDA we have given, BD the Hypothenuſe and the Angle B the An- 

gle at the Baſe, whence to find BA the Baſe it will be by Caſe the 410 
of Sect. the 5th, As cs, B: R:: ct, BD: ct, BA, and becauſe by 
the 3d Cor. of this Sefion, the Co- ſines of the Hypothenuſes are directly 
proportional to the Co- ſines of the Baſes, it will be As cs, BD: 
s, DC:: cs, BA: cs, AC the Baſe of the Triangle DAC, this 
therefore added to BA before found, where the Perpendicular falls 
within as in Fig. the 1ſt, or ſubſtradted from BA, where the Perpen- 
dicular falls without as in Fig. the zd, will give the Side BC requi- 
red. | 

Again, in the ſame Triangle, the ſame things being given as be- 
fore, If inſtead of BC the Angle at D were required, becauſe in the 

Triangle BDA the Hypothenuſe BDand Angle B at the Baſe are gi- 
ven, (it will be by Caſe the 34, of Section the 51h) to find the Vertical 
Angle BDA, As the cs, BD: R:: ct, B: t. BDC, and becauſe 
by the 5:h preceding Cor. the Tangents of the Hypothenuſes are re- 
ciprocally 3 to the Co ſines of the Angles at the Vertex, 
it will be As t, DC : t, DB:: c s, BDA: cs, < CDA, this there- 
fore added to the Angle BDA before found, wien the Perpendicular 

5 ; talls 
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falls within, but ſubſtracted from the Angle BDA when the Per- 
pendicular falls without, will give the Angle BDC required, - 
Again, in the ſame Triangle BDC, it BD, BC, and the Angle B 
were given, to find the third Side DC, becauſe in this Caſe each of 
the given Sides is adjacent to the given Angle, the Perpendicular 
may be let fall either from the Point D uponBC (produced if need be) 
or from the Point C upon BD (produced if need be) let it fall there- 
fore from the Point D upon BC (produced it necd be) for both Varie- 
ties are anſwered in this Caſe: becauſe the Angle D is Obtuſe in 
Fig. the 1/t and Acute in Fig. the 2d, in the Right-angled Spherical 
Triangle B4D are given, BD the Hypothenuſe, and the Angle B 
the Angle at the Baſe, whence to find the Baſe BA it will be by Caſe 
the 4th of Section the 5th, As the cs, B: R:: ct, BD: et, BA; 
which in Fig. the 1ſt taken from BC, and in Eg. the 2d leſſen d by 
BC, will give AC the Baſe of the Right-angled Triangle CAD; and 
becauſe by the 3d preceding Cor. the Co- ſines of the Baſes are directly 
proportional to the Co-ſines of the Hypothenuſes, ir will be, As the 
cs, BA: cs, CA:: cs, BD: cs, DC required, Again, 
If the Angle at C in the ſame Oblique-angled Triangle BDC were 
to be found from the ſame Data, becauſe by the 4th precedingCor. the 
Sines of the Baſes are reciprocally proportional to the Tangenis of 
the Angles at the Baſe, it will be as the Sine of CA to the Sine of 
BA, ſo is the Sine ot the Angle B to the Sine of the Angle at C re- 
uired. | 
; After the ſame manner and by the help of the ſame Cor. may any 
other Caſe in Oblique-angled Spherical Triangles, where one Side 
and one Angle are part of the Data, be eaſily reſolved ; as the In- 
telligent Reader will readily perceive. 


Propoſition III. Or Axiom III. 


In all Spherical Triangles, the Sines of the Sides are directly pro- 
portional to the Sines oſ their oppoſite Angles, that is, in the Sphe- 
ncal Triangle BDC (ſee the Fgure in Page the 1234) it will be, S. 
BD: S. DC: : S. C: S. . * | | 
for having let fall the Perpendicular DA it will be (by Cor. the iſt of 
Prop. the 1/ and 2d of Sec. the 4th,or Caſe the 13th of Sect. the 5th.) 

As S. BD: R:: S. DA: S. B. 
And S. DC: R:: S. DAS. C. 


*< 


ill be, 
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Wherefore, by Cor. che i 2th of Prop. the 15th of Part the 18, it 


S. 2D S. DS :S. CS. B. W. W. D. 
To render the Demonſtration of the remaining Axioms more eaſy, 
it is neceſſary to ptemiſe the following Lemma. 


Eemma 1. 


The Verſed Sine of an Arch multiplied into half the Radius, is 
equal to the Square of the Sine of half that Arch, or to half the Sine 


ot the Arch multiplied into the Tangent of half the ſame Arch. 


Let the given Arch be md, then will þ be its Verſed Sine, and 
3 75 Right Sine, and m the Tangent of the Arch c, the half 
OT Nn d. | "4442.4 

And becauſe the Triangles md and uc are ſimilar, (for the 
Angle at z is common, and the Angles atz and b are Right-angles) 
it will be (by Prop. the 18th of Part the 1ſt) as bm: md:: mn: 
c m, that is, (by Cor. the 18th of Prop. the 15th Part the 1ſt) as bm 
mn: : dm: e n, and conſequently, as bm:nm:: (+dm=) mn: 
zem, wherefore (by Cor. the 1/ of Prop. the 15th Part the 1ſt) bm 


" Xx £c m=mnq, that is, the Verſed Sine hm of the Arch dem, multi- 
- 12 into half the Radius cm, is equal to the Square of n the 


ighr Sine of m c, the half of the Arch mo d. W. W. D. 
2. The #db:db:: (*dm)=) mn : dm (by the 5th Cor. of Prop. 
the 15th Part the xt) and conſequently Z db: mn: :db: dm (by 
the 13th Cor. of Prop the 1f Part the 1.) and becauſe the Triangles 


dbmand mx are ſimilar, (for am and db are parallel, and the An- 


gles at n and b are Right-angles (4b: dm: : mn: ms, wherefore, 2d b 
:2u::mn:mq; and conſequently (by the /f Cor. of Prop. 3 
N 151 
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1515 Part the rſt) * Ab 5=m nq, that is, half the Sine db of the 
Arch dc m multiplied into ws the Tangent of mc, one half of the 


Arch md, is equal to the Square of mn the Sine of the half Arch. 


M 0. 
Lemma 2. 


The Verſed Sine of the Supplement of an Arch mulriplied into. 


half the Radius, is equal to the Square of the Co-ſine of half that 


Arch, or to the Product of half the Sine of that Arch multiplied into 


the Co- tangent of the ſame Arch. 

In the former Figure, let the given Arch be dm, then will a+ be 
the Verſed Sine of its Supplement, and c x the Co- ſine of o its one 

half, and p q the Co- tangent of the ſame. | 


And becauſe the Triangles ad b and c mn are ſimilar, (for the An- 


gles atm and d are equal, and the Angles at x and þ Right-angles) 
it will be (by the 187% Prop. of Part the 1ſt) as ab: ad: : cn: cm; 

that is, by alternation, as al: : ad: en: but becauſe am is. 
the double of c , ad is equal to twice c x, for the Triangles a dm 
and cu m are ſimilar, (becauſe the Angles at d and x are Right-an-- 
gles, and the Angle * common) wherefore, ab: cn:* zen * cm, 

and conſequently, a 6: c.#:: cx : gen, wherefore, (by Cor. the 1ſt: 
ol Prop. the 15th, Part the 1 a b mt nxe n=c that is, the 


Verſed Sine a of the Arch ad, the Supplement of 4 multiplied. 


into half the Radius c is equal to the Square of cn the Co- ſine 
of the Arch mo the half of the Arch dm. W. W. D. 

2. Becauſe the Triangles cp r and d ha are ſimilar, (for the An- 

at d and p are Right-angles, and the Angles à and v are equal) 

it will be as cp: pr: : 46: ba, and fo is half #6 to haif ha, where 
fore, (by Cor. the 1/7 of Prop. the 15th Part the iſt) cpx!þ a=p 1X 
db, but by the former Part p r* b=e n. wherefore by the Iſt: 
Geom. Axiom, id hp rec ug, that is, half the Right Sine 45 of the - 
Arch dom, multplied into pr the Tangent of the Arch p o, the Com- 
plement of the Arch mo, tire half of d is equal to the Square of 
cx, the Co-fine of the fame half Arch mo. W. W. D. | 


Lemma 3. 


The Difference of the Verſed Sines of two Arches multiplied ins -- 
to half the Radius, is equal to the Sine of half the Sum of thoſe. Ar- 
| | | ches 


< 
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ches multiplied into the Sine of half their Difference. 


l PRE IE: 


In the adjacent Figure, let ab and am be the two given Arches, 
then will mo the Sine of the Arch m d, be the Sine of half their Dif- 
ference, (tor the Arch in equal to twice m d, is the Diflerence of 
the Arches a / and a m) and a z the Sine of the Arch ad, the Sine 

of half their Sam (for a & the greater Arch leſſened by Id the half 
Difference of the Arches, leaves ad the half Sum of the two Arches) 
allo m equal to pz, equal to the Difference of their Verſed Sines 
ap and az, (for ap is the Verſed Sine of the greater Arch ab, and 
a n the Verſed Sine of the leſſer Arch a m) and becauſe the Triangles 
bqm and ca ⁊ are ſimilar (tor the Angles q and z are Right-angles, 
and the Angles at a and m are equal, by reaſon the Lines m, p a, 
and bm and az are parallel (by Conſtruction) it will be as ac :az 
: :bm: qm=p n (for the Figure p q m 2 is a Parallelogram) that is by 
Alternation, as ac: (me am:: az : pn, and conſequent]y, as 
Zac: mo: : az: pn, wherefore by Cor. the "br Prop. the 15th, 
Part the 1ſt, Jacxpu=moxoz ; that is, half the Radius ac multiplicd 
into pn the difference ot the Verſed Sines ap, a, of the Arches ab, 
a m, is equal to o the Sine of the half difference m d, multiplied 
into az the Sine of ad the half Sum. V. V. D. 
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Lemma 4. 


The Sum of the Sines of any two Arches, is to the Difference 
of the Sines of the ſame Arches ; as the Tangent of half the Sum of 
thoſe two Arches, to the Tangent of half their Difference. 

In the former Figure, let ab, and am, repreſent the two Arches, 
then will bp be the Sine of the greater Arch ab, and fr the Sine of 
the leſſer Arch a mn, and ok equal to half , the Difference of the 
Sines bp, and mn (for mo is equal to half mb, becauſe mo is equal 
to the half of mb) and conſequently og is equal to half the Sum of 
the Sines J, and mz, alſo 4v is the Tangent of the Arch da, half 
the Sum of the Arches ab, and am, and df the Tangent of the 
Arch dm equal to the half of the Arch , the Difference of the 
Arches ab, and am, and becauſe or is parallel to d v, one Side of 
the Triangle c dv) it will be (by the 17th Prop. of Part the rt) as 
vd:fd::ro:mo, but as ro: O:: og: o , (for the Triangles 
rog and mok are ſimilar, becauſe k M and gr are parallel) and fo 
is twice o g equal tobp+mn, to twice ok equal to bq equal to bp 
mn; whercfore, as vd:df::bp+mu:bp—myn, or as b p+ 
mu: bm Nn: vd: af, that is, as the Sum of the Sines bp and 
mn, of the Arches ab and am, to the Difference of the Sines b p 
and mu, of the Arches ab and am, ſo is dv the Tangent of the 
Arch ad, the half Sum of the Arches a h and am, to 4f the Tan- 

ent of Bs Arch d n, the halt Difference of the Arches a b and a m. 

W. D. | 

Hence we are taught a very eaſy way of demonſtrating the third 
Axiom of Plane Trigonometry, for finding two Angles, from two Sides 
and the containing Angle being given. | 

For in the Triangle ADE, becauſe 
by the 2d Axiom AD: DE:: S. E: D 
8. <A, it will be (by Cor. the 18th of | 
Prop. the 15th Part the 1ſt) AD+ DE 
: AD=-DE:.:SRYE+S. A: S. E 
. AA, but by the preceding Lemma, 
d. EAS. CA: S. ETS. C A:: A* 
t. TE: t, CEA, wheretore, 
AD+DE : 4D — DE:: t, ETA: t, 1s E-; that is, as 
the Sum of the Sides 4D and AE to their Difference, ſo is the Tan- 
Rrr gent 


Nx 
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nt of half the Sum of their oppoſite Angles, to the Tangent of hal 
Moir Difference, Cc. W. N. D. * 12 ' 


Lemma 5. 


The Sum of the Co- ſines of two Arches, is to the Difference of 
the Co- ſines of the ſame Arches, as the Co-tangent of half the Sum 
of thoſe Arches, to the Tangent of half their Difference: if the 
Arches are leſs than a Quadrant. 

For in the ſame Figure, let a6 and am repreſent the two Arches, 
then will cp be the Co- ſine of the greater Arch ab, and cx the 
Co- ſine of the lefler Arch a m, and k n equal to g x, equal to the 
half of p z, the Difference of the Co-lines c and cp, (for n E is e- 
qual to half mq, becauſe mo is equal to half m5) and conſequently 

'# is equal to c (becauſe the Figure 79 pc is a Parallelogram) is 
equal to half the Sum of the Co- ſines c and cp, allo dt is the Tan- 
gent of the Arch yd the Complement of the Arch , the half Sum 
of the Arches a b and a m, and xt equal to 4/ the Tangent of the 
Arch b d equal to dm, the half Diſſerence of the Arches ab and 
a m, and becauſe the Triangles cf# and cms are ſimilar (for ms is 
parallel to Ft, it will be (by Prop. the 18th Part the 1/2) ast d: df:: 
$0:0m, butaSs$0:0m::ik:km(tor the Triangles mok and mi 
are ſimilar, becauſe ok and 57 are parallel) and ſo is twice #& equal 
to twice cg, equal to cp+cu to twice km, equal to twice g e- 
qual to cn -p, wherefore as td: df: : cu+cp: cn—cp, or as 
cunt+cp:cu-—<p:: td: df ; that is, as the Sum of the Co- ſines c u, 
c p, of the Arches ab, a n, to the Difference of the Co- ſines c , cp, 
of the ſame Arches a b, am, ſo is di the Tangent of the Arch d), 
the Complement of the Arch da, half the Sum of the Arches at, 
am, to df the Tangent of the Arch 4m, the half Difference of the 
ſame Arches. V. VD. | 2 

But if the Arches are greater than a Quadrant, the Sum ot the 
Co- ſines will be to the Difference of the Co- ſines, as the Tangent ot 

half the Sum of the Arches, to the Co- tangent of half their Difference. 
For the Tangents of any two Arches are reciprocally proportional 
to x Co-tangents, as has been proved in Section the 2d of Part the 


Lem- . 
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Lemma 6. 


The Sum of the Tangents of any two Arches, is to the Diffe- 
rence of the Tangents of the ſame Arches, as the Sine of the Sum of 
thoſe Arches, to the Sine of their Difference. | 

In the Figure belonging to the 3d Lemma, let a d and d repre- 
ſent the two Arches, then will Y the Sine of the Arch & a be the 
Sine of the Sum of the Arches ad and dl, and mn the Sine of the 
Arch a m, th: Sine of the Difference of the Arches ad and d 6, for 
the Arch dm is equal to the Arch 46, alſo d the Tangent of the 
greater Arch da, and d x equal to df che Tangent of the leſſer Arch 
d m equal to df, and becauſe br is parallel to xv, the Side xv of the 
Triangle c x v) it will be (by Prop. the 18th of Part the iſt) as xv: 

fvu::br:mr, but as br: n:: p: un (becauſe mn is parallel to 
the Side b p of the Triangle r þ p) wherefore by Equality, as xv: 
fu::bp:mn; that is, as x v the Sum of the Tangents x d, and 
d v, of the Arches þ d and da to fv, the Difference of the ſame 
Tangents, ſo is b p the Sine of the Sum of the Arches ad and d, 
to mn the Sine of the Difference of the ſame Arches ; whence it fol- 
lows, that in any Spherical Triangle as BDC. 


EN 


B e 
Cor. 1. The Sine of the Sum of any two Sides as BD and DC, 
is to the Sine of the Difference of the ſame two Sides BD and 
DC, as the Co-tangent of half the Vertical or contained Angle D, 
to the Tangent of half the Difference of the Vertical Angles BDA, 
and CDA, made by a Perpendicular let fall from the Vertical An- 
gle D, upon the Side BC produced if need be; or fo is the Co-tan- 
gent of the Difference of the Vertical Angles BDA and CDA, to 

_ the Tangent of half the Vertical Angle BDC. 7 

For (by the 5 % Cor. of the 6th preceding Sect᷑.) t,. BD: t, D:: cs, 
CDA: cs, BDA, therefore, (by the 18th Cor. of Prop. the 15th of 
Part the Iſt) t, BD-þt, CD: * BD t, CD : : cs, CDA+cs, BDA 
NE Ges cs, 
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* cs, CDA cs, BDA, but by the 61h preceding Lemma, t, BD + 
t,CD : rt, BDet, CD : : S. BD CD: S. BD—CD, and by the 5th 
preceding Lemma, cs, DAs, BDA: cs, CNA—c s, BDA: : ct, 
CDA + BDA Set, D: c t, > CDA—BDA 2 Ct, 1 COA— 
BDA: t, 3 CDA + BD A==t, +<BDC, therefore by equality of Ra- 
tio, S. BD+ CD :'S. BD—CD : : ct, CDA BDA=ct,< BDC 
: t, * CDA—BDA : : ct, # CDA—BDA : t, * CDA+ BDA= t, *© 
AC; that is, as the Sine of the Sum of the Sides BD, and CD, 
&C. as was to be Demonſtrated. 

2. The Tangent of half the Sum of the Sides BD and DC, is to 
the Tangent of half the Difference of the Sides BD, and DC, as 


the Tangent of half the Sum of their oppoſites Angles B and C, to 
the Tangent of half the Difference of the ſame Angles B and C. 


r, 

The Co-tangent of half the Sum of the Sides BD and DC, is to 
the Co-tangenr of half the Difference of the Sides BD andDC, as 
the Tangent of half the Difference of their oppoſite Angles C and 
D, to the Tangent of half the Sum of the ſame Angles C and D. 

For (by the 3d preceding Ax.) the S. D: S. CD:: S. C :S.< 
B, therefore (by the 18th Cor. of the 15th Prop. Part the 1ſt) S. BD 
—S. CD: S. BD—S. CD:: S. <C+8.< B: S. < C—S. C, but 
(by the 4th preceding Lemma) S. BD-S. CD: S. BD—S. CD: : t, 
z BD+CD : t, *:BD—CD, and by the ſame Lemma, S. XC-+S.< 
B:S.<C—S. CB: :t,z<- C+<B:t,z_C—<B, therefore by E- 
quality of Ratio, as t, BD. CD: t,>BD—CD::t,3<C+<B: r,1< 
C—<B, and becauſe the Tangente and Co- tangents of Arches are re- 
ciprocally ꝑroportional, ct, 4BD + CD: ct, BD—CD : t, = 
S: t, SC that is, as the Tangent of half the Sum of 
the Sides BD and CD, to the Cc · as was to be Demonſtrated. 

3. The Co- tangent of half the Vertical Angle D, is to the Tan- 
half the Sum of the other two Angles at the Baſe B and C, as 
the Tangent of half the Difference of the Angles at the Baſe B and C, 
to the Tangent of half the Miffereuce of the Angles at the Vertex BDA 
and C DA made by a Perpendicular let fall from the Vertical Angle D 
upon the Baſe C, (produced . if need be): For by the 2d Cor. of the 
6th preceding Lemma) the S. 04: S. CD.: cs, B: cs, C, 
therefore (by the 18th Cor. of Prop. the 15th Part the 99 1 bs 
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BDA+S, CDA: S. BDA—S. CDA::cs< Bicy<C: C'S, 
C- cs, SB, and by the 4th preceding Lemma, S. BDA+S. 


CDA: S. BDA—S. CDA : : t, BDA+CDA :t, B DAC DA, 
and by the 5th preceding Lemma, the cs, Ces, TB: cs, S "A 
cs, TB: :ct,4<B+C : t, + 5 C-B; therefore by equality of 
Ratio, the t., BDA CDA: t. BN CDI. : ct, CTB: 
t, : C-, and conſequently (by the 117% Cor. of Prop. a 5th 
Part ti the 1ſt) t. S BDA+ CDA: ct, BFU: c r, <BDA— 
CDA, t, 1 , therefore, becauſe the Tangents, and co-tan- 
gents of A rchesare reciprocally proportional, c t,<BDA- TDA=— * 
ct,<D : t,: B C : : t, *<5C—B : t, <BDA—CDA ; that is, 
as the Co-tangent of half the Sum of the Vertical Angles, to the 
Tangent, c. as was to be demonſtrated. 


Propoſition IV. Or Axiom IV. 


In every Oblique-angled Spherical Triangle it will be, 
As the Sine of half the Sum of any two Sides, 
Is to the Sine of half their Difference ; 
So is the Co-tangent of half the contained Angle, 
To the Tangent of half the * of the oppoſite Angles. 
| nd again, 
| As the Co-ſine of half the Sum of the two Sides, 
To the Co- ſine of half their Difference; 
So is the Co- tangent of half the contained Angle, 
To the Tangent of half the Sum of the oppoſite Angles. 


3 is, in the Oblique-angled Spherica Triangle BDC, it will 
8557 DG: S. BD: 6 = IDC: t, 1 


ll. | +1 
2. As 


P — 
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2. As cs, +#BD+DC : cs, +BD—DC::ct,s < BDC: t, 


CB. 


For having let fall the Perpendicular DA from the contained An- 
gle, upon the oppoſite ſide it will be, 

As S. BD TDC: S. BD DC:: ct, <D:; t, BDA 
CDA by che 1/ preceding Cor. and t, + BD+ DC: t, BD- DC:; 
t, + B: t, + -B, by the 24 preceding Cor. and t, 1 <s 
CB: t, 1 BDA CDA: : ct, 1 D: t, 1 5 C—B, by the 
34 preceding Cor. multiplying therefore the Homologus Terms in 
each Proportion one into another, we ſhall have S. BD + DCxt, + 
Bi) | DCxt,}<*C+B-: S. BB DCxt, 1 BP—DCxt,*<BDA- 
CDA : : ct, xt, l. xt, +<D : t, BBA CDI 
xt, 1 <5 C—Bxt, x <s CB; and dividing the . 1f and 34 


Terms by t, Ts CB, and the 2d and 4th Terms by t, 1 Y 


BDA—CDA, we ſhall have S. BD+DCxt. + BD—DC : S. BD— 
DCxr, + BD—DC: : ct, + D t1, CB, and by dividing 
the 1ſt and 3d again by 2 we ſhall have? S. BD + DCxt, * BD+DC 
: + $. BD—DCxt, x BD—DC: : c ta, <D :t1, + CB, but 
by the latter part of the 1ſt Lemma, *S.BD + DCxt, BD DC=$q 
BB DC, and by the ſame Lemma, + S. BD—DCxt, BD DC 
—=Sq BDB DC, wherefore Sq + BD + DC : Sq + BD—DC : : ct 
q, <D : t®, x C-, and conſequently by Prop. the 1 5th of Part 
the 1ſt, the Roots of theſe Terms will be proportional. That is, 

S. BD + DC: + BD-DC::ct?<D: t, 1 CB; which 
was one part to be demonſtrated, © 

Sy. Again, 2. * 

As S. BD DC: S. BD DC:: ct,. + <<D: t, 3 <s BDA-- 
CDA by the 1ſt preceding Cor. and ct, 1 BD DC : ct, BD—DC 
218. <A B: t, » CAB by the 2d preceding Cor. and t, # 
<5 C—B: t,: BDA—CDA:: ct, D: t, SCB, by the 
24 preceding Cor. multiplying therefore the Homologus Terms in each 
Proportion one into another, we ſhall have S. BD+D Cx cr, + 
BD+DCxr, 3 C- B: S. BD—DCxct, 2 BD DC t, + <s 
BDA—CDA :: ct, + <Dxct, + <s C—-Bxct, 2 <D: t, 
BDA—CDAxt, : <3 C+Bxt,* <5 C+B ; and dividing the if 

% SF an 
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and 34 Terms by t, -B, and the 2d and 4th Terms by t, 1 <3 
BDA—CDA, we ſhall have S. BD +DCxct, + BD+DC : S. BD 
—DCxct, BD DC:: c ta, + <D: td, : <5 BAC, and dividing 
the 137 and 2d Terms by 2 we ſhall have + S. BD + DCx ct, + BD 
TDC: 4 S. BD—DPCxct,4BD—DC:: c ta, : < D: ta, 4<sB3 C, 
but by the latter part of the 24 Lemma, 1 S. BDA DCxct, + BD + 
DC=c $4, + BD DC. and by the ſame Lemma S. ID Dec t, : 
DCS cs, ; BD—DC, wherefore by Subſtitution c $1, + BD 
Dic, BD DC:: c td, 2 D: t, BAC, and con- 
ſequently by Prop. the 15th of Part the 1/t, their Roots will be pro- 
portional. That is, 1818 * 

As cs, +» BD+ De: cs, BDC: : ct, D. t, C 
which was the 2d Part to be demonſtrated. Wheretore, 


As the Sine of half the Sum of any two Sides, | 
Is to the Sine of half their Difference, &c. as was to be demonſtra- 


ted. 


Propoſition V. Or Axiom V. 


In every Oblique-angled Spherical Triangle it will be, 
A4 As the Sine of half the Sum of any two Angles, 
To the Sine ot halt their Difference; 
So is the Tangent of half the interjacent Sideh, | 
To the Tangent of half the Difference of the oppoſite Sides. 
| And again, | 
As the Co- ſine of half the Sum ot the two Angles, 
To the Co- ſine of half tneir Difference: 
So is the Tangent of half the interjacent Side, | 
To the Tangent of half the Sum of the oppoſite Angles: f 
That is, in everyOblique-angled Spherical Triangle BDC it will be, 
| As S. Ds CB: 8.4 s C—B:: t, 1 BC :t, > BD—DC, and 
cs, 3 <5s Ci B:cs,4 C-: t, BC: t, + BDFDC. 
For by the 17th Ar. of Section the 3d, the Side a c of the Tri- 
angle 44c (ſee the Figure in Page the 48h) conſtituted between 
the three nearer Poles d, a, c, ofthe Circles DC, BC, BD, which 
form the Spherical Triangle BDC) is equal to the Angle B of the 
given Triangle BDC, and the Side da of the Triangle dac, is e- 
qual 


40 ! 
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qual to the Angle C of the ſame Triangle BDC, alſo the Angle a 
of the one is equal to the Supplement ot the Side BC ot the other, 
and the Angles d and c equal to the Sides DC and DB, and becauſe 
by the preceding Axiom the S. da ac (in the Triangle d ac) : 8. 
2 da — ac: : ct, Ca: t, 2 c—d alſo the cs, ; ac: cal, 
ac: : ct, <a:t,z <Sctd, itfollows that the S. <5 CB 
of the Triangle BDC (equal to the S. da H ac in the Triangle d ac) 
is to 8. <* C—B (equal to the S. 2 da—ac): : t, BC (equal to 
the Complement of the Angle a) to the t BD DC equal to the t, 
c—d; and again, as the Cs, 3 <S C-þB to the cs, 1 8 C-B 
is the t, + BC co the t, 1 BDHDC; wherefore, as the Sine of halt 
the Sum of the two Angles, to the Sine of half, Cc. as was to be 
demonſtrated. : 4 = 

Theſe two Axioms are applicable to the Solution of the 71% and 
9th Caſes of Oblique-angled Spherical Triangles, for having found 
the Sum and Difference of the two unknown Angles in Caſe the th, 
the half Sum added to the half Difference will give the greater of the 
unknown Angles, but the half Difference taken from the half Sum 
will leave the leſſer of the two Angles. 

After the ſame manner, having found the half Sum and half Dif- 
ference of the two unknown Sides in Caſe the 9th, the half Difference 
added to the half Sum will give the greater of the two unknown 
Sides, but ſubſtracted will leave the leſſer; as is abundantly mani- 


Propoſition VI. Or Axiom VI. 


In every Oblique-angled Spherical Triangle it will be, 
As the Tangent of half the Baſe, | 
To the Tangent of half the Sum of the other two Sides ; 
So is the Tangent of half the Difference of the two Sides, 
To the Tangent of halt the Difference of the Segments of the Baſe, 
made by a Perpendicular let fall from the Angle oppoſite to the Baſe. 
{50 is, in the Oblique-angled Spherical Triangle BDC it will 


As the t, 1 BC: t. BDFDC: : t, 1 BD—DC t, > BA AC. 


For, 
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For by the 3d preceding Cor. cs, BD: es, D:: cs, B: c 
CA (therefore by the 18th Cor. of Prop. the 15th Part the 1ſt) cs, 
BD + cs, DC: cs, BD- cs, DC: : cs, BA+cs, AC: cs, BA—cs, 
AC ; and by the 5th preceding Lemma, cs, BD-þcs, DC: cs, BD 
cs, DC:: c t, 1 BD+DC: t, > BD—DC, and by the ſame Lem- 
ma, CS, BA cs, AC: cs, BA—cs, AC::ct,z BAtAC: t. 7 
B. C, therefore by Equality of Ratio ct, 1ͤ BO+DC:t, + BD 
—DC: : ct, 134 AC: t, BA—AC; and by Alternation, c t, 
BD HD: c t, BA AC: : t, } BD—DC : t, + BA—AC, but 
becauſe the Tangents and Co- tangents of Arches are reciprocally 
proportional, it will be ct, + BD+DC: ct, 1 BA+AC: :t, + 
BA+AC : t, 1 BD + DC, therefore by Equality of Ratio, t, + BA 
TAC : t, #BDFDC : : t, # BD—-DC:t, * BA—AC, and becauſe 
BA LAC Bo it will be, As t, + BC: t, * BD+DC: : t, * BD— 
DC:t, + BA—AC ; that is, as the Tangent of the Baſe, to the 
Tangent of half, c. as was to be demonſtrated. _ | 
The half Difference of the Segments (thus found) added to the 
half Sum will give the greater Segment, for > Ar, AC+IBA— AC 
BA. and the half Difference taken from the half Sum will leave 
the leſſer of the two Segments, for f BA+ HAC AC. 
But if the Perpendicular fall without the Triangle (as will always 
happen when the Angles at the Baſe are diflimilar, that is, one Ob- 
tuſe and the other Acute) then the fourth Tangent found by the for- 
mer Law, will be greater than the half of the Baſe BC; and there- 
fore in this Caſe, being added to half the Baſe BC, will give the 
Baſe BA of the greater Triangle BDA, but the Sum leſſened by half 
the Baſe BC will leave the Baſe CA of the Supplemental Triangle 
CDA, as will be Exemplified at large in the next Seftion. © 


Propoſition VII. Or Axiom VII. 


In every Qblique-angled Spherical Triangle, the Rectangle or 
Produdt of the Sines of any two Sides: is to the Square of the Radi- 


us:: as the Difference of the Verſed Sines of the Baſe and Diffe- 
rence of the two Sides: to the Verled Sine of the Angle coatained. 


Spherical Trignometry.. 


Let the upper Quadrant BCgq of the Semicircle w Bg, be turned 
about upon its Axis Ba mp (the Sector CDP being firſt erected ob- 
liquely above the Plane Bpw) till the Point C of the Semicircle, coin- 

cide with the Point C of the Sector, then will the Arches BC, CD, 
and DB, form an Oblique-angled Spherical Triangle. | 

Let CBD be the Angle required, then will CB and BD be the 
two containing Sides, and CD the Baſe or oppoſite Side, and becauſe 
B a is equal to BC, o D will be equal to the Difference of the two 
containing Sides BC and 3D. | 22322 HET 

From q draw q s a Perpendicular to p v, then will 5 be the Ver- 
ſed Sine of the Angle CBD, and from C draw Cz a Perpendicular 
to p D, then will 2D be the Verſed Sine of the Baſe or oppolite 
Side CD, alſo from o draw oy Perpendicular to D, then will yD be 
the Verſed Sine of the Arch o D, the Difference of the two Sides, 
and conſequently z.y the Difference of the Verſed Sines of the Baſe 
and Difference. of the Sides, laſtly from C let fall CV a Perpendicu- 
lar to om, and joyn the Points x and y by the Right- line z, which 
will be perpendicular topD, and parallel to oy, and it will be, 
As Daxm C: Ra: : &: . 52 76 £5 
For becauſe the Triangles D à p, t m p, t , and 0 are ſimilar, 
it will be Da: Dp: : :: to: : t: tr: it -t: 
tot 7, but y—t2=zy, and z0—tr=r 0; wherefore, Da: Dp 
2:29 370. X Again, 
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Again, becauſe the Triangles C mr and 4p 5 are ſimilar it will be} 
Cm:mr::9qp i 5, but C e m, and g p=wp, wherefore, om 
mr WP: Þ and.conſequently o m: om . : wp: pp 45 
that is, becauſe o - e ο r, wp—p 5=5 , as Cm (Do in) : 0 7 
„ ; ot as CM: u:: or: u, but it was before proved 
Da: Dy: :x: or, therefore C mXxD a: wphxD p : :O X: N 
o, and conſequently C Ma; wpxDp: :% y: 5w; but Cm is 
the Sine of one of the containing Sides CB, and D a the Sine of the 
other containing Side BD ; alſo: wp and D p each equal to the Ra- 
dius, wherefore CM. 4: RA: :2 u, that is, as the Rectangle or 
Product of the Sines of any two containing Sides, is to the Square 
of the Radius, Cc. as was to be demonſtrated. 
P 43 ae: 7. Again, & * 8 I 

Cor. I. Wenn by the preceding Demonſtration C mxD a : Re:: 
zy: 570, if we multiply the two lait Terms by £R or half the Radius, 
we ſhall have CM a: R:: XR: w R; that is, the Rect- 
angle or Product of the Sines of any two containing Sides, is to the 
Square of the Radius, as the Rectangle or Product of half the Ra- 
dius, multiplied into the Difference of the Verſed Sines of the Dif- 
ference of the two Sides and Side oppoſite, to the Rectangle or 
Product of half the Radius, multiplied into the Verſed Sine of the 
contained Angle. | | | | 
But by the 3d Lemma, the Difference of the Verſed Sines of two 
Arches multiplied into half the Radius, is equal to the Sine of half 
the Sum of thoſe Arches multiplied, into the Sine of half their Dif- 


—_— DCA BCD De- 
That IS, 2 RS. x8. — ED — 
| Virus eee 
6. bs DEEBEE D 
And by Lemma the 1, the Verſed Sine of an Arch multiplied 
into halt the Radius, is equal to the Square of the Sine of half the 


Arch. That is, | 
e R=$Sq Angle B, wherefore, As S. BCxS. BD: Rg: : 8. 


= 


DC+BCEBD Ds EP_aC : Sq: of hal the 


3 
. - % 


es , 
Angle B. That is, 2 
2+ The Rectangle or Product of theSipes of any 2 containing Sides 
is to the Square of the Radius, as the Rectangle or Product of the 
| 88S Sb. 1." 540 82 Sines 
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Let the upper Quadrant BCg of the Semicircle u Bg, be turned 
about upon its Axis Ba mp (the Sector CDP being firſt erected ob- 
liquely above the Plane Bpw) till the Point C of the Semicircle, coin- 
cide with the Point C of the Sector, then will the Arches BC, CD, 
and DB, form an Oblique- angled Spherical Triangle. | 
Let CBD be the Angle required, then will CB and BD be the 
two containing Sides, and CD the Baſe or oppoſite Side, and becauſe 
B a is equal to BC, o D will be equal to the Difference of the two 
containing Sides BC and BD. 27.2010 Vin, 
From q draw q a Perpendicular to p w, then will q be the Ver- 
ſed Sine of the Angle CBD, and from C draw Cz a Perpendicular 
to p D, then will 2D be the Verſed Sine of the Baſe or oppoſite 
Side CD, alſo from o draw oy Perpendicular to D, then will D be 
the Verſed Sine of the Arch o D, the Difference of the two Sides, 
and conſequently æ y the Difference of the Verſed Sines of the Baſe 
and Difference of the Sides, laſtly from C let fall CV a Perpendicu- 
lar to om, and joyn the Points z and 7 by the Right-line z 1, which 
will be perpendicular topD, and parallel to oy, and it will be, 
As Daxm C: Ra: hr: | Wy 
For becauſe the Triangles D à p, t m p, t xi, and t yo are ſimilar, 
it will be Da: Dp: : Hp: : tj: to:: t: Ir: : % - 
tot 7, but y—t2=zy, and to- tre ro; wherefore, Da: Dp 
2: zy :e. Again, 
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Again, becauſe the” Triangles C mr and 9p are ſimilar it will be 
mm: : but C m=o0 m, and 4 p=wp, wherefore, o m 
n:: h p, and conſequently om: om—mr : : wþ: wÞ—ps, 
that is, becauſe o , r=0 r, wp—p 5=5 w, as Cm(=om):or 
1 ; 0raSCm:wp::or: ws, but it was before proved 
Da: Dp: : x5: or, therefore C mxD a': whAXD p: : X: 5 wx 
ro, and conſequently C mxDa, wpxDp: :z y: rw; but Cm is 
the Sine of one of the containing Sides CB, and Da the Sine of the 
other containing Side D; alſo wp and D p each equal to the Ra- 
dius, wherefore C ].)V a : R: :2.y:.5 u that is, as the Rectangle or 
Product of the Sines of any two containing Sides, is to the Square 
of the Radius, &c. as was to be demonſtrated. -- 

9.7 5 V4 av Aa 7] 47s 5 

Cor. 1. Becauſe by the preceding Demonſtration C mxD a : Ra: : 
z y : u, if we multiply the two laſt Terms by R or half the Radius, 
we ſhall have C mxD a: Rq: : X Rt 5 wx R; that is, the ReR- 
angle or Product of the Sines of any two containing Sides, is to the 
Square of the Radius, as the Rectangle or Product of half che Ra- 
dius, . multiplied into the Difference of the Verſed Sines of the Dif- 
ference of the two Sides and Side oppoſite, to the Rectangle or 
Product of half the Radius, multiplied into the Verſed Sine of the 
contained Angle. | | | 
But by the 3d Lemma, the Difference of the Verſed Sines of two 
Arches multiplied into half the Radius, is equal to the Sine of half 
the Sum of thoſe Arches multiplied, into the Sine of half their Dif- 


IT7 DCA BCD .. DC—BC 
That is, 2 MRS. NE * $f — as PD 

| up ene, 
. BCD EDS ENR BC. 
And by Lemma the 1ſt, the Verſed Sine of an Arch multiplied 
into halt the Radius, is equal to the Square of the Sine of half the 


Arch. That is, | | 
gu, R=Sq + Angle B, wherefore, As S. BCXS. BD: Rq: 8. 


DD BD. =D —BC : 84, of half the 
Angle B. That is, N | 
2+ The Rectangle or Product of thedines of any 2 containing Sides 


is to the Square of the Radius, as the Rectangle or Product of the 
888 2. 1 2875 + 12 Ses 
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sines of half the Sum of the three Sides, leſſened by one of the con- 
taining Sides multiplied into the Sine of half the Sum leſſened by the 
other containing Side, to the Square of the Sine of half the con · 


tained Angle. 


put 2E wide, S BCS ED: R:: SZ NS. T 


X Sgt <8. 
D :$q4 <B; wherefore, TBGS BD 5.7 es. 5 


| That is, _ TT Z—BCxS. Z—BD=$Sq + <B. 


R De 

Or, IJ SET 8 EH x * S Z—B( 8. Z—BD=Sq SB. 
That is, becauſe the Difference between the Logarithmic Radius 
* the Logarithmic Sine, is called the Arithmetical Complement 
of che Sine. 

3. To the Atithmetical Comptement of the Sine of one of the 
containing Sides, 

Add the Arithmetical. Complement of the Sine of the other con- 


ral 4155 Side, 
the Sine of half the Sum of rhe three Sides, leffened by one 


of the containing Sides, 

And the Sirie of half che Sam of the three Sides leſſened by the o- 
thet containing Side, 

Half the the Sum of theſe four Numbers will be the Sine of half 
the contained Angle. 


Again, becauſe the Sine of BCS. BD: Rg : : S. Z—BCxS. 2 2 


BD : $q 3 <B, ches. BOS.BDG, 5 <B=S Z—BCxS. Z—BD 
1 . 5 gens 


xSRg ; and conſequently — 
ZBB, that is 2 2 —BCxS. Z—BD, 
wherefore, Bee 8 _y 8. B. LEE 


3.868 BÞ- . 
andpurting— K =P, ad 2G i RY 8. 
Z=—BC : : S. Z-BD: G. That is, 


4. As the Radius, 
To the Sine of one of che containing Sides; 80 
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So is the Sine of the other containing Side, 


To a fourth Sine. 
As that fourth Sitte, 
To the Sine of halt the Sum of the three Sines lefſened by one of the 


containing Sides ; 
So is the Sine of the half Sum leſſened by the other containing Side, 


To a ſerenth — to G. 
Bur GELS therefore GxR=8q + <B ; wherefore if to. 


the ſeventh Sine you add the Radius, halſ that Sum will be the Sine 
of half the contained Angle. 
Again, becauſe S,BCxS. BD : Rz: : S. ZO Ib. 89 4 


B, the S. BCN. BDS Ns. Z—BD : R: Sg OB, and 


S.BCxS'BD 
conſequently, 5 ge S. Z—BD ju I putting 
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7-—ÞD: : R: G. That i is, 
5. As the Sine of half the Sum of the three Sides n by any 
one of the Containing Sides, 
To the Sine ot the ſame containing Side 
Bo is the Sine of the — 9 
To a fourth Sine. | 
Ass this fourth Are 
To rs Sine Ke half Sam lfſened hs the other containing Side ; 
So is the 
To a ſeventh dine equal to G, and becauſe GxR=Sq 2< B, if 
do the ſeventh Sine you add the Radius, half that Sum, Cc. 


Again, becauſe 8. BCS. BD : S. Z-BCxS. ::Rgq:Sqz 
Fax 
8. Z— Z—BCxS.Z— BL Z2— BD * $94 <P paring 


<B, the S. BD: TRE: 
Z—BCxs. Z—BD - 
therefore ; SE n and , k 


will be, S. BD: F:: R: G. That 1 
6. As the Sine of any one of the containing Sides, 
To the Sine of half the Sum of the three Sides leflened by by the ſame 


containing Side; 
80 


— 
. 


n 
«8? 
9 
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So is the Sine of half- the Sum leſſened by the other containing 
Side, j | 
To a fourth Sine. Then, nig ht ru 
As the Sine of the e de, e oi 4nd 10 on 
To the fourth Sine; Ro OE e 22 wi 
So is the Radius, N 
To a ſeventh Sine l to 6 ad beagle GxR=Sq B, 
_ to the ſeventh Sine, if you add the Radius, half that Sum, 


Again, putting V for the Verſed Sine of an Arch, x 
7. Becauſe S. BDxS, BC. By: : V, D ub. v, <B, 
N the 74h r Fo — 


Tres. BD: 5 v. po- 55 i V;<B3 that is 


* -- 


The 8. BD: c st, BC: V, DC—V BCA FED: n 

And becauſe the Difference ol the Co- ſines of two Arches is the 
ſame with the Difference of the VerſediSines of the ſame Arches. 

Ihe 8. BD: Sees, DC<e s, BCZBD: V,<B. That 
is, the Sine of one ot the containing Sides is to the Co- ſecant of the 
other, as the Difference between the Co- ſines of the oppoſite Side 
1 of the two Sides, to the Verſed Sine * the contain- 
ed Angle 

8. But if in the room of BC be put its Compjenicnt, then the s. 
BD: c BC: c DC c s, 'BC+BD BD: V, B. That is, the Sine 
of one of the containing Sides is to the Co- ſecant of the other, as 
the Difference between the Co- ſine of the oppoſite Side, and the 
Sine of one ok the Sides increaſed by the Complement 'of the 0- 
ther, to the Verſed Sine of the contained Angle. 

For if c be put for theComplement of BC, then 90 *—BC+BD= 
Complement of BC +BD, and putting o in the room of 99*—BC 
8 hall have c++ BD for 1. Complement of the Co-ſine, that is for 
rae dine. 2164 Ih 


Prop. 
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Propoſition VIII. O Axiom VIII. 


In every n Spherical Triangle, the Rectangle or 
product of the Sincs of any two Sides, is to the Square of the Ra- 
dius , as the Difference of the Verſed Sines of the Sum of the two 
Sides and the Baſe or Side oppoſite, to the Verſed Sine of the Sup- 
lement of the contained Angle. | | 

See tne Scheme in Page the 138th. ed = if 08 
That is, As Da the Sine of DB multiplied into C the Sine of 
BD, is to the Radius ſquared ; ſo is z x the Difference of the Verſed 
Sines n d and 2. d, of the Sum of the Sides and Side oppolite, to q s 
theVerſed Sine of the Supplement of the Angle B. | 

For becauſe the Triangles 49% and C r m are ſimilar, it will be, 

AgmCimr::pqiqs, ' © 1 

Wherefore, m C: , nr: ip f: p. ButmChymr=Cr, 
and alſopq+ps=qs, and pg equal to the Radius. 

Wherefore, as C: Cy: : R: gs. 

That is, as C: R:: C45. a ee 
Reduce the Quadrant B 5 ꝗ to the ſame Plane with Bp u, ſo 
that both may make one Plane, and draw Cn perpendicular to D o 
produced, then will D be the Verſed Sine of the Arch CD equal 
to the Sum of the Sides CB and BD, and ⁊ D the Verſed Sine of 
CD the Side oppolite, and conſequently z x equal to the Difterence 
of the Verſed Sines of the Sum of the Sides and Side oppolite, and 
becauſe the Triangles D ap, tz r, and tx C are ſimilar, it will be 
Da: Dp ::tz :6r::turtC::tzttun:tr+tcC; wherefore, 
Da: Dp: : AH tr C, but X HH TA, alſot r+tC=Cr, 
and D p equal to the Radius. | 

Wherefore, as Da: R:: à 1: Cr. | 

But it was before proved, as ,: R:: CH: 44. 9 

Wherefore Dam C: RR 2uxCr: Crxq and conſequently 
Daxm C: RA: 2 4%, which was to be Demonſtrated. 

Cor. 1. Again becauſe by the preceding Theorem 

As S. DaxmC: Rq: : 2n:qs, if we multiply the two laſt Terms 
by N or half the Radius, it will be, Dam C RA znxiRi gs x 
Rʒ that is, the Rectangle or Product of theSines of any two contain- 
ng Sides, is to the Square of the Radius, as the Rectangle or Product 
of half the Radius multiplied into the Diflerence ot the Verſed Sines 
of the Sum of the Sides and Side oppoſite, to the Rectangle or Pro- 

| duct 
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duct of half the Radius, multiplied into the Verſed Sine of the Sup- 
plement of rhe contained Angle. | | 
But by Lemme the 3d, the Difference of the Verſed Sines of two 
Arches multiplied into half their Radius, is equal to the Sine of half 
theSum of thole Arches multiplied into the Sine of f their Difference. 
| f BC+BD4+DC .. BC-+ BD—-DC 
That is, 2#X:R=S. . 3 
And by Lemma the 2d, the Verſed Sine of the Supplement of an 
Arch multiplied into half the Radius, is equal to the Square of the 
Co- ſine of half that Arch, that is, 2 , R csq, 2 <B. Wherefore, 
＋ — Ln: 
S. BCS. BD: Rg: 42 — . A2 OC 


S  —— 
2 2 | 
c Sg, * <B. That is, | 
2. The 3 or Product of the Sines ot any two Sides, is to 
the Square of the Radius, as the Rectangle or Product EH; he 
Sum of the two Sides and Side oppoſite, multiplied into ha the 
Difference of the Sum of the two Sides and Side oppoſite, to the 
Square of the Co- ſine mer — = contained Angle. 
But becauſe 8. — = —DC=S. WM e there- 
B | 
fore, S. BCxS. BD: Rꝗ: :S. De x 8. BC+DB+ DC 


2 
e: cg. TB. That is, 

3. The Rectangle or Product of the Sines of any two Sides, is to 
the Square of the Radius, as the Rectangle or Product of the Sine 
of halt the Sum of the three Sides, multiplied into the Sine of half 
the Sum of the three Sides leſſened by the Side oppoſite, to the 
Square of the Co- ſine of half the contained Angle. 

* BC+BD+DC .... BC4+BD+DC 

Pat Z = EE and X =— 5c, then 


a R | | . 
2 B. OSE FH * S. ZxS. X=c 59, *<B. That 18, 


Becauſe the Difference between the Logarithmic Radius and the 
Loęarithmic Sine of any Arch, is called the Arithmetical Comple- 


ment of the Sine of that Arch. 
4. To 


2 RS 
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4 To the Arithmetical Complement of the Sine of one of the 
containing Sides, 
Add the Arichmetical Complement of the Sine of the ouber contain- 
ing Side; 
Allo the Sine of half the Sum ot the three Sides, 
And the Sine of half the Sum leſſened by the Side oppoſite, : 
Half the Sum of theſe four Sines will be the Co-ſine of half the 


contained Angle. 
5. Again, becauſe S. BCxS. BD: Rg: :S;ZxS. X: C87, + 1 <B;. 


The S. BCxS. BDyc sg, x <B=S. ZxS- XxRg. 


S. BCS. BDxcsq, 1 < Bog ZxS.X. 


And conſequent! 13 Ry 
That is, * , SZ DS, ZxS. 3 
S. BCxS. BD * csg, B. 
Wherefore, 1 8. 2 8. = 
And putting f =P, and f= G, it will 
be, As F: S. Z: : S. X: G. That is, 
As the Radius, 


To the Sine of one of the containing Sides; 
So is the Sine of the other containing Side ; ; 


To a fourth Sine. 


As the fourth Sine, 
To the Sine of half the Sum of the three Sides ; 
So is the Sine of half the Sum of the three Sides, leſſened by the 
Side oppoſite, 
To a ſeventh Sine equal to G. . 


But becauſe G = —.—— therefore eg B. 2 
Wherefore if to this ſeventh Sine you add the Radius, half that 


Sum will be the Co- ſine of half the contained Angle. 


6. Again, becauſe the S. BCxS. BD: R: : S. ZxS.X: c59, # 
<B; the S. BCxS. BD: S. ZS. X:: R: csg, 1 OB. 


And conſequentiy, 2 W 8 X RK: N * 20 


Put 2 3 DIM F ad, and er 


As F: S. X: : R: G. That is, 
Tt t As 
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As the Sine of half the Sum of the three Sides, 
To the Sine of one of the containing Sides ; 
So is the Sine of the other containing dide, 
Jo a fourth Sine. 
As the fourth Sine, 
To the Sine of half the Sum of che three _ leflened by the Side 
| oppoſite ; 
So is the Radius, | 
| Toa ſeventh Sine equal to G, to which (becauſe GRS csg, (B) 
add the Radius, and half that Sum will be the Co- ſine ar | half 1 
contained Angle. | 
"3 Again, becauſe S. BCxS. BD: S. ZxS. X:: Rq: c, Cg, 


e B. BD vcr, <B 


3 ee =F, and . 


it will be, F: S. Z: : R: G. That! is, 
As the Sine of half the Sum of the three Sides, leſſened by the Side 
oppolite, 
To the Sine of one of the containing Sides; 
So is the Sine of the other containing Side, 
To a fourth Sine. 
As the fourth Sine, 
To the Sine of halt che Sum of the three Sides; 
So is the Radius, 
To a ſeventh Sine; to which add the Radius, half that Sum, Cc. 
8. Again, becauſe S. BCxS. BD: S. ZS. X: * csg, 2 <B, 


„S. ZS. X . ng 


ho wh „ 


Then S. BC: F: : R: G. "hes; is, 

a <B 

. ZxS. csg, B. 

The S. BD: "Fo 2 R: ; 

Thar is putting = Se ar a LEG N 


it will be, S. BD: F: : R: &. That is in either Cafe, 


9. As 
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As the Sine of :ny one of the containing Sides 
To the Sine of the half dum ot the three Sides; 

So is the Sine of the half Sum, leſſened by the Side oppoſite, 
To a fourth Sine. 

As the Sine of the other containing Side, 
To the fourth Sine ; | 

So is the Radius, 


To a ſeventh Sine; to which if the Radius be added half that Sum, 


c. | 

9. Sabin, becauſe by Cor. the 3d of Axiom the 8th, S. BDxS. BC 
R: : S. ZS. X: csg, + <B; and by Cor. the 2d of Ax. the 7th, 

The S. BDxS. BC: Rq: : S. Z BDS. Z— BC: $q YB. 

The 8. Z 8. X: c 94,  <B: : S. F-BDxS. Z—BC :8q4 <B, 


— 


And conſequently 8. ZS. X: S. Z- BDS. Z—BC : : csq,  B * 
:$q+<B. ” N 

But it has been already ſhewn, that the Co- ſine of an Arch is to 
the Right- ſine, as the Radius, to the Tangent ot the ſame Arch; and 
conſequently, the Square of the Co- ſine, is to the Square of the 
Right-ſine, as the Square of the Radius, to the Square of the Tan- 

ent. Wherefore, the | 

S. LS. X: S.Z—BDxS Z—EC: : Re: ta, *< B. That is, 

The Rectangle or Product of theSines of half the Sum of the three 
Sides multiplied into the Sine of half the Sum of the threg Sides, 
leflened by the Side oppoſite, is to the Rectangle or Product of half 
the Sum of the thr 7298 leſſened by one of the containing Sides, 
multiplied into the half Sum of the three Sides, leflened by the o- 
ther containing Side, as the Square of the Radius, to the Square of 
the Tangent of half the contained Angle. | 

Put A=S. Z—BD, and E=S. Z— EC. 

Then S. ZxS. X: n ta, 1 ; 

tz. B 
And, DSX NE | 


Alſo, _— AXS, E=tq,+ . \ 
RN X | | " 
Or, XXS. AxS. E, SB. That is, 


to. To the Arithmetical Complement of 
* pl of half the Sum of the 


x Tet 2 | Add 
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Add the Arithmetical Complement of half the Sum of the three 
Sides leſſened by the Side oppolite ; alſo the Sine of half the Sum os 
the three Sides leſſened by one ot the containing Sides, 

And the Sine of the half Sum leſſened by the other containing 
Side. 8 io | 

Half the Sum of theſe four Numbers will be the Tangent of half 
the contained Angle. 

* x1. Again, becauſe S. ZS. X: S. AS. E: : Rg: ta, 1 OB, 

The S. ZS. X 8 E tg, ! S B, | 
And conſequently, — — 1 =. ANS. E, 

| . 8. 5 ; < = 
That is, - 258 „ 8. AxS. E, 

Wbereſore- 8. A 8, E: 2 
. — Mtg, 

And putt X = * =Þ;: and = 4 G. 

it will be, F: S. A: : 8. E: G. That is, 
3 ͤ apt bara Ihe N 
To the Sine of the half Sum of the three Sides; - 
do is the Sine of the half Sum, leflened by the Side oppoſite, 
To a fourth Sine. 
As the fourth Sine 15 
To the Sine of the half Sum leſſened by one of the containing Sides; 

So is the Sine of half the Sum leflened by the other containing 
Side, | | 
To a ſeventh Sine; to which if the Radius be added, half that Sum 
will be the Tan gent of half the contained Angle. 

12. Again, becauſe the Tangent of an Arch is to the Radius, as 
the Radius to the Co-tangent of theſame Arch, it follows from the 
9th preceding Cor. 9 

That S. Z—BDxS. Z—BC : S. ZS. X: Re : ta, Q. That is, 

The Rectanęle or Product of the Sines of half the Sum of the three 
Sides leſſened by one of the containing Sides, multiplied into the 
half Sum of the Sides leſſened by the other containing Side, is to the 
Rectangle or Product of the Sine of half the Sum of the Sides, mul- 
tiplied into the Sine of the half Sum leſſened by the Side oppoſite : 
as the Square of the Radius, to the Square of the Co- tangent of 


Half the contained Angle. That 


ö 
ö 
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That is, puttin Z—BD=A, and Z—BC=E, 
8. AxS. E: :8:Lx9. X: : Ry: 2 6 


RZ = Sta 
Whence, 7 AxS. E 8. Zxð&. 


R 
+ TAS Ex 318 X ch, 8B, 


R 
Aud conſequently, = E. ZS. Acc tq, T. That is, 


. To the Arithmetical Complement of the Sine of half the Sum 
of the three Sides leſſened by one of the containing Sides, 
Add the Arithmetical Complement of the Sine of half the Sum 
leſſened by the other containing Side; 
Alfo the Sine of half the Sum of the three Sides 
And the Sine of the half Sum leſſened by the Side . — te, 
Halt the Sum of theſe four Numbers will be the Co · tangent of 
half the contained Angle. 1 
14. Again becauſe 8. Ax. E: S. ZS. X: : Rc tg, <B, 
The S. AS. E: Rg: : S. ZS. X: ctq, + <B; 7 


And conſequently, S. A xS. Excr — =, 2x8. X, 


And & . E 2 . 28. 08. X. 
Putting W 8 = =F and LL BG 
it will be, F: S. Z: : 8. X: G. Par . * 
As the Radius, 
To the Sine of half the Sum of the three Sides leſſened by one of the 
containing Sides ; 
So is th Sine of half the Sum leſſened by the other containing Side, 
To a fourth Sine, 2 | 
As the fourth Sine, 
To the Sine of half the Sum of the three Sides ; 
So is the Sine of the half Sum leſſened by the Side oppoſite, 
To a ſeventh Sine ; to which if the Radius be added, half that Sum 


will be the Co-tangent of half the contained Angle. 


Again, by inverting, changing, dividing, &c. the Terms of the 
dyo laſt Cor: ſeveral other Methods may be found, 


15. Put 


l Fo 


2 
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15. Put P=PC+BD, O=BC—BD, and V Verfed Sine, 
Then S. BDS. BC: Rq : : Vue: V Sup, < B by the 8th Ax. 
And S. BDxS. BC: Rq: : VDC—PD": V < B, by the 7th Ax. 
Therefore, YP—VDC : bc-: :I/ Sup. <B:V<B; 

And conſequently VP—VDC+VDC—VO : Dc Sup. 
< B+4/<B:VP<B. That is, 

VP—PO : VDC—VO : : 2 R: V; for the Verſed Sine of 
an Arch together with the Verſed Sine of its Supplement, is equal to 
the double Radius or whole Diameter. 

Therefore, Typ: 2 R: Veo: v <B. That is, 

As the Verſed Sine of the Sum of any two Sides, leſſened by the 


Verled Sine of their Difference, is to twice the Radius; ſo is the 


Verſed Sine of the oppoſite Side leſſened by the Verſed Sine of the 
Difference of the Sides, to the Verſed Sine of the contained Angle. 


16. vr VD VDV: VP—VDC: v Sup. <B+ 


V,<B : V Sup. < B. That is, 


VP—VO: vÞ-vpc: a R V Sup, OB. 

Or VP—VO : 2 R: : VP-VDC. V 7 Sap. SB. That is, 

As the Verſed Sine of the Sum of any two Sides, leſſened by the 
Verſed Sine of their Difference, is to twicc the Radius; ſo is the 
Verſed Sine of the Sum of the two Sides, leſſened by the Verſed Sine 
of the Side oppoſite, to the Verſed Sine of the Supplement of the 
contained Angle. 

17. Again, gy the Radius leſſened. by the Verſed Sine, is e- 
qual to the Co · ſine of the ſame: Arch, it follows: from the ryth Cor. 

That cs, Pcs, O: 2 R:: cs, DC cs, O: cs, <B. That is, 

The Difference of the Co- ſines of the Sum and the Difference of 
any two containing Sides, is totwice the Radius; as theDifference of 
the Co-ſines of the oppoſite Side the Difference of the two 
To to the Co · ſine of the enk e Or, 


wag the Difference of 8 Co-ines of the . and ce Difference 
of any two containing Sides, is to the Radius ; as the Difference 
of the Co-ſines of the oppoſite Side, and the Difference of the two 
Sides, to the Co- ſine of the contained Angle. 
19. From the 161) Cor. it follous, cs, Pcs, O: 2 R: · cs, P 
es, DC: cs, Sup. B. That is, * 
e 
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The Difference of the Co-fines of the Sum, and the Difference of © 
any two containing Sides, is to twice the Radius; as the Difference 
of the Co- ſines of the Sum of the two Sides, and Side oppolite, to 
the Co-line of the Supplement of the contained Angle. , 


r, 


cs, Pcs, O | | : 
20 _ 8 ; :R::cs, Pcs, DC : cs, Sup. TB. That is, 
Half the Difference of the Co- ſines of the Sum and the Diflere nce 
of any two containing Sides, is to the Radius; as the Difference of 
the Co- ſines of the Sum of the two Sides and the Side oppolite, to 
the Co- ſine of the Supplement of the contained Angle. 
By Comparing, Compounding, Cc. the Terms of the ſeveral Ana- 
logies, a great variety of Rules maybe inxeſtigated; but theſe that 
are here deduced, are more than ſufficient for the preſent Purpoſe. 


Propoſition IX. Or Axiom IX. 


In every {Oblique-angled Spherical Triang'e, (taking the Su 
lements of each of the Obtuſe Angles, inſtead of the Angles 96 of 


elves) it will be, | 
As the Rectangle or Product of the Sines of any two adjacent An- 


ples is to the Square of the Radius: : ſo is the Rectangle or Pro- 
duct of the Sines of half the Sum of the three Angles, leſſened by 
one ot the adjacent Angles, multiplied into the half Sum of the three 
Angles, leſſened by the other adjacent Angle; to the Square of the 
Sine of halt the interjacent Side, it the Angle oppoſite be Acute, but 
to the Square of the Co- ſine if the Angle oppoſite be Obtuſe. 


i „ <C+<B+Suyp.<D . 
That is, putting 22 — 1 E — if the Angle D be 


Obtuſe, 1 | 
4 <C: Rg:: S. Z- Sup. << DxS. £—<C:$, 


2 . 
Becaule the Quantity of each Angle of a Spherical Triangle, is 
meaſured by an Arch of a Great Circle deſcribed at out the angular 
Point as a Pole, and intercepted between the Sides which form the 
Angle, and is therefore equal to the Arch of the ſame Great Circle, 
contained between the Poles of the two Great Circles which form 
the e, it follows; as has been ſhewn in Av. the 17th of Section 


Ang! 
the 34, that the Side a dof the Triangle 4 a c (fee the Figure in Page 
the 
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the 48th) conſtituted between the three nearer Poles d, a, c, of 
the Arches DC. BC, BD, which form the Spherical Triangle BDC, 
is equal to the Angle C of the Triangle BDC; alſo the Side « c of 
the Triangle d a c, is equal to the Angle B of the Triangle BDC, 
the Side d c of the one, equal to the Supplement of the Angle D of 
the other, and the Angle 4 of the Triangle d a c, is equal to the 
Side DC of the Triangle BDC; and becauſe by Ax. the 7th, in the 
Triangle d ac 0. | 8 . 
5 dead Tac | | _ 
Putting Z= the g. do. ad: R;: : S. ZA. Z 
ad: Sq # <d it follows, that | 
The S. Sup. <DxS. (. dcxS. a d): Rq: : S. Z Sup. 
XS. Z—-</.C=S.ZL—d cx &. ad: Sq # CD (=Sq x Sd wherefore, 
S. Sup. <DxS. C: Rq :S, Z—Sup. < Dx$. Z— <C: $q 
2 CD; which was to be demonſtrated. | | 
It the Angle B oppoſite to the interjacent Side C D had been Ob- 
tuſe, rhen the Side a c of the Triangle da c, had been equal to the 
Supplemenr of the Angle B, and conſequently the Angle oppoſite 
to the Side a e had been Obtuſe and equal to the Supplement of the 
Side DC; and conſequently half the Square of the Co- ſine of the 
Angle d had been equal to the Side CD; that is, it would have been 
to the c59, + CD. K 
3. Again, becauſe by the 3d Cor. of the 7th Axiom, 
The g. SN Jos. = sf dit follows, 


R . 1 s 
That the S. Fup. <D XC * S. Z—Sup. <DxS. Z—<CE 


Sq of half DC. That is, ; 
pA To the Arithmetical Complement of the Sine of one of the ad- 


jacent Angles, | ; 
Add he Arithmetcal Complement of the Sine of the other adja- 


t Angle, T7 F< | 
Eco the Sine of half the Sum of the three Angles leſſened by one 


of the adjacent Angles, | 1 
And the Sine of halfthe Sum leſſened by the other adjacent Angle, 
Half the Sum of theſe four Sines will be the Sine of half the inter- 

jacent Side it the Angle oppoſite be Acute, but if the oppoſite An- 


ale be Obtuſe, it will be the Co · ſine of half the interiacent _ * 
| 4. Ag 
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4. Again, becauſe by the- 4th Cor. of the 74 72 f 
S. d'cxS. d a Sq 3, D 
The . SZ dc: 8. Tad 4 K "ir follows, 


5 Sup, 5 5 8. 2 Sup. Spi 8. 2e 


That tne 
Sq + DC 


R Xx - 
And putting 8 Sep — ==x; and =0 
it will be, 8. F: $.Z—Sup, B: 8. 2 — C 2 That is, 
As the Radius, 
To the Sine of one adjacent Angle, 2 
So is the Sine of the other adjacent Angle, 2 
To a fourth Sine. | > hs 8 5 2 
As the fourth Sine, 2 | 
To the Sine of half the Sum of the three ; Angles, leſſened by one of 
the adjacent Angles; * 
So is the Sine of the half Sum leſſened by the other adiacent Angle, 
To a ſeyenth Sine; to which if you add the Radius, half that Sum 
will be the Nine of half the interjacent Side if the Angle oppoſite 
be. Acute, but the Co-ſine of halt the interjacent Side i the Angle 
* be Obtuſe, Cc. * 


Sq DC 
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In every ty Oblique-angled Spherical Triangle, if inſtead ofche Ob- 
tuſe Angles you make uſe of their Supplements it will be, 

As the Rectangle or Product of the ines of any two adjacent An- 
oles, is to the Square of the Radius; ſo is the Rectangle or Pro- 
duct of the Sines of half the Sum of the three Angles, multiplied into 
the Sine of half the Sum ofthe three Angles, leſſened by the third or 
oppoſite Angle, to the Square of the Co-line of halt the interj 
Side if the Angle oppoſite be Acute, but to the Sine of half a 
terjacent Side if the Angle oppoſite. be Obtuſe. Wherefore, * 

2. To the Arithmetical Complement᷑ of the Sine of one of the ad- 
jacent Angles, 

Add the Arithmetical Complement of the Sine of the other adja- 
ent Angle, * ä Alſo 
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Alſo the Sine of half the Sum of the three Angles; 
theSine of the half Sum leſſened by the third or Angle oppoſite, 
the Sum of theſe four Sines, will be the Co-ſine of half the 

interjacenit Side if the Angle oppoſite be Acute, but the Sine of half 
the interjacent Side if the Angle oppoſite be Qbtuſe. Or, 

3. As the Radius, 
To theSine of one of the adjacent Angles ; 

So is the Sine of the other adjacent Angle, 
To a fourth Sine. 1 

As the fourth Sine, | | 
To the Sine of half the Sum of the three Angles ; 

So is the Sine of the half Sum leſſened by the oppoſite Angle, 
To a ſeventh Sine; to which if the Radius be added, half that Sum 
will be the Co-ſine of half the interjacent Side if the Angle oppoſite 
be Acute, but the Sine of half the interjacent Side if the Angle op- 
polite be Obtuſe. _ "ep 

The Demonſtration of this Axiom and its Conſequential Rules, 
depends needy upon the 8:5 Axiom and 17th Art. ot Section the 3 d, as 
the former did upon the 7th Axiom and the 17th Art. and is per- 


formed after the Lime manner; and conſequently by the ſame 17th 


Art. of Seftion the 3d, it follows, That 5%, 4 
Wbatſoever Laus have been laid down and demonſtrated, for finding 
of an Angle where the three Sides are given, will hold good for 
finding a Side when the threeAngles are given mutatis mutandis, pro- 
vided that if one or more of the given Angles'be Qbruſe, you maic 
uſe of their Supplements inſtead of the Angles themſelves, and then 
if the Side tequired be oppoſite to an Obtaſe Angle, the Quantity 
prodused will be the Supplement of the Side required; as will more 
evidently appear in the Application of theſe Rules to Practice. 


- 
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CST N 
Section VII. 


£ the Twelve Caſes of 


jangles. 


Containing the actual Solution 6 
Obligue-gngled Spherical 


Caſe 1. 


Iren two Sides and an Angle 3 to fad 
the other oppoſite * oppoſite to one of them, t 


Example 
l the Obl ique-angled Ghoſt Tring DCB 


1 44 


E 2440.00. 16 
Are given, Se. 15.133 6 
D==50. 10. 30 ) 

The Stereographical Solution. 
1. Having drawn the Primitive 
Circle ACEG, the Diameter AE, | 
and at Right-an - to it CE, ſer © 

off the Chord of 40* oO 100 the | 
Length of CB from C to B, and 
draw the Diameter BN, and at 
Right-angles to it FH. 


2. Thro' the Point B decks | 
Great Circle BDN, forming an 
Angle-DBC of 42 1513“ + with 
the Primitive Circle, (by Caſe the 
3 of Prob. the 9th, Selle che 2. 


3. About the Poke © ana felt e Parallel Sm of 30 
10 Lr Ta of the Side CD, by Caſe the 2d of Prob 
the 4h, $2. the 2d. * * 
Uuu z 8 4: Thro. 0 


* 


156 *Opbericah Trigonometry. 

4. Thro' the Interſection D ol the Paralle! Sm, with the Great 
Citcle BDNand the Point C, draw the Great Circle CDG by Pro- 
blem the 1/t of Section the 2d, and the thing is done; and the Angle 
at D may be meaſureg by Caſe the 3d. of Problem the 10th, of Scion 
the 2d, but to find its Quantity by Calculation, 

Becauſe by Ax. the 3d of Seci. 6th, the Sines of the Sides are di- 
rectly proportional to the Sines of their oppoſite Angles, it will be 


As S. DC: S. BC: : S. <B: S. SD. That is, 


As the Sine of the Side DC=50? 10 30 — 9.885363; 
To the Sine of the Side BC=40.00. 1o 9.80 80926 
Sd is the Sine of the Angle at B=42.15.13 5 ——9.8276370 
To the Sine of the Augle at D=34. 66 — 9.750366 7 


Which becauſe a Perpendicular let fall from the end of the cen 
Side CB, adjacent to the given Angle B, falls within the Triangle, 
is ſimilar to the given Angle B 8 Acute. 


"+ Sys ® re — 1 18 
Exanple, 2. 


If inſtead of the Side BC the Side BD be given, that is if the Side 
oppoſite to the given Angle be the lefler of the two given Sides, 
then the Caſe is doubtful, and the required Angle will be either A- 
cute or Obtuſe; as is manifeſt from the following Example. 

Suppoſe in the Oblique- angled Spherical Triangle DCB- 


— | 1 1 LO l | 

; d f pf, hn, 50.10. 30 
' _ there were given e Greg SuCr .- 
5 8 BD: S G.35. 3% E 
The Stereographic\ Sblution , 


1. Having drawn the Primitive Circle BH, the Diameter BN 


WP a 2 Lay 
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2. Lay off 76* 35' 36 the length of BD from B to D (by Caſe 
the 3d of Problem the 6th, of Sctiun the 24.) 
About the Point D as a Pole, 


&fotibe the Parallel Cc — HAD Lb crane |; 
the 34 of Problem the 4th, Section P in 
the 2d. 4 | W 


4. Thro' the Point D and the - © ©, 


Interſection c C, of the Parallel laſt | 22 Yun 
drawn, with the Primitive Circle 

draw the Great. Circles en 4 

CD A, and the thing is done; 

the Angle C may be meaſured SILLY 

by Caſe the 24. of Problem the roth, * 


Section the vil! ann fyur 7 
From the Conſtruction it is evident that the Caſe is doubtful, for 
the Parabel Cc cuts the Periphery in the Points C and c on the 
ſame Side of the Angle B, ſo that in the two Triangles C BD, 
c BD, the Side BD and the Angle B is common to both the Tri- 
angles, and the Side DC of the Triangle D, is equal to the Side 
De of the Triangle g Dc, but the required Angle Bc D of the Tri- 
angle Be D (equal to the Angle c CD of the Triangle c CD, becauſe 
the Sides cD and CD are equal) is equal to the Supplement of the 
Angle BCD of the Friangle BCD, and to find each by Calculation, it 

Hill de by Aim ther 3 323«ĩ 

As Sz DOS. NDO: : S. <B:$;<C}: That 
git As the Sine of the Side DC oe —————— 9.885 3635 
To the Sine ot. the Side BD=76.35, 36 ——————9.9880007 
So is the Sine of the Angle at B42. 15.134 ——9.8276370 


, NN 4 0 eee 
To the Sine — D F | eee 302742 


IT 


— —b-;! As 


; N 1 qval to the Angle DC c, whoſe Supplement to 2 eie 0 555 
deg. 36 m ] fes. is equałto the Angie DC. requited L 


* 
„„ ? = 
4 . ————— 17 " £4 © a 
, be 2 - 7 
\ N 4 2 ITT EE ws 54 - 


3 aſe II. 


* 
: - 
A + * a 2 „ — — —_ 4 
— 
* 


9 * 
* * 
* 
1 

- 


Given two Angles and a Side oppoſite to one of them, to fing 
the other oppoſite Angle. | Examp, 


8 |» Spherical Trigonometsy. 
Example. | 
In che Oblique-angled Spherical Triangle BDC 


<C =121.36.20 0 
Ate given, | DB= 76.35-36 C req. DC. 
ri <M#= 42.15.134 , 


The Sereographic Solution. 
1. Having drawn the Primitive 
- Circle ACEG, the Diameter EN, 
© and at Right- angles to it FH, draw 
& the Great Circle BDYN, forming 
E 7 | an Angle of 42 deg. 15 min. 13 ec. + 


| B | 
a \ (equal to the e B) with the 


Primitive Circle (by Caſe the 3d ot 
E Problem the 9th, Section the 2d) 


2. Lay off 76 deg. 35 min; 

H 36 ſec. the length of BD from Bro 

G- D, (by Caſe the {dot Problem the 
2 5 6th, of Section the 2d. 

3. Thro the Point D draw the Great Circle CDG, forming the 
Angle DC B with the Primitive Circle, of 121 deg. 36 min. 20 ſec. 
(by Caſe che 6th of Problem the 9th, Section the and the thing 
is done; and CD may be meaſured (by Caſe the 3d of Problem the 
_ 7th, Seffionthe 24) but to determine its length by Calcwlation, it 
will be by Axim the 3d, ; 8 | 
As S. :S. S: : S. 8D: S. Dc. That is, 


As the Sine of the Angle at C=121" 36 20.9.9307 


To the Sine of the Angle at 542.15. 1323!ͥ ͥꝗg —98276 370 
80 is the Sine of the Side BD=76.35.36— 9.9880007 
To the Sine of the Side DC=y0.10.30 — —9.885 3633 


* 
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Caſe IL 


Example 2. e 

If inſtead of the Angle C the Angle D be given, that is, if the 
Angle oppoſite to the given Side be the leſſer of the two given An- 
gels, the Caſe is doubtful, as will be manifeſt from the following Ex- 


ample. | 
es in the Oblique-angled Spherical Triangle DCB 


| 42.25.1345 
c There are ging BC==40.00.10 5 and it be required to 
D344. 15.021 2 
find the Side DC. 
| The Srere graphic Solution. 


1. Having drawn the Pri- 
mitire Circle ACEG, the 
Diameter AE, and at Right- 
angles to it CG, ſet off the 
Chord ot 40 deg. oo min, 
10 ſec. the length of CB from 
C to B, and draw the Dia- 
meter BN, and at Right- 
angles to it FH, 


2. Thro' the given Point 
B draw the Great Circle 
BDA N, forming an Angle 
of 42 deg. 15 min. 13 ſec. 5 
with 1 . ab SG . | 
(by Caſe the 3d Problem the gth, Seftion the 24) and finds i 
q (by Caſe the 3d Problem the 3d, Section the 2d. ) Tn 
| 3- About the Point 9 deſcribe the Small Circle p p 4, at the diſ. 

tance of 34 deg. 15 min. 02 ſec. 7, equal to the Quantity of the 

Angle P, (by Caſe the 3d of Problem the 4th, Sectio the 24 ) 

4. About the Points p, p, the Interſection of the Small Circle 
with the Right Circle E deſcribe the Great Circles CDG, C46, 
(by Caſe * — —4 3 r 2d, 1 24) and the thing is 

one; and the Sides CD, C d, may ured (by Caſe 
Problem the 7th, of Section the 24.) 4 TO 
That 
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That this Caſe is Ambiguous appears from the Conſtrufion, for 
the Small Circle pp 9, cuts the Right Circle AE in two Points p 
and p, (the Poles of the Circles CDG, CdO) on the ſame ſide of 
the 83 whence is formed two Spherical Triangles BCD and 
B C d, to each of which the Side CB and Angle B are common, 
and che Angle CDB of the one is equal to the Side C dB of the 
other; but the required Side CD of the Triangle CBD, is equal to 
rhe Supplement of the required Side Cd of the Triangle C43, 
and to determine each length by Calculation, it will be by Axiom tlic 
zd of Section the 6th. - „ TIRE 

As 8. D: S. B: : S. CB: S. CD. That is, 

As the Sine of the Angle at D=3415.02 4— 9.7503665 
To the Sine of the Angle at B 42.15.13 i, —— 98276370 

So is che Sine of the Side'BC=40.00.19——————9g.80809:6 


To the Sine of the Side DC So. 10.30 — —— 8.885563 


8 
12 
2925 


— — — 


Whoſe Supplement to a Semicircle 129 dep; 49 min. 30 ſec. is the 
length of the Side C d of the Triangle Cl. | 


; Caſe III. 


Given two Sides and an Angle oppoſite to one of them, to find 
the other Side. TY 


R 2 Example. 1 tos 
In the Oblique-angled Spherical Triangle DCB 
x - (CB =40.00.10 1 
Are given 75 B=g2.15.134 6 req. DBB. 
| C2 =50.10.30 


This Caſe is Conſtructed after the ſame manner as the 1/7 Example 
of the 1/t Caſe, and DB may be meaſured (by Caſe the 3d of Pro- 
blem the-Jth, Section the 2d) but to find the length by Calculation, 


— 


From 


SS” WW NF IS. ad — . 


2 Tigmomety. 
From C the end of the given Side 

CB, which Side CB is adjacent to the 

given Angle B, let fall the Perpen- VS 

dicular CR upon 'the Baſe DB (by LK 

Caſe the 3d of Problem the 11th, 2 | 

$:tion the 24) according to the Rules T : 


laid down in the former part of the Nj 

laſt Section, which Rules ought to be q 

well underſtood, and to which I refer f 

the Reader) tais Perpendicular be- N HN 
cauſe it falls within the Triangle, | G 


will divide the Oblique-angled 
Triangle DCB into two Right-angled Triangles BCR and DCR, 
in one of which Triangles BCR which Triangle I call the 1 Triangle, 


are. given, the Hypothenuſe CB and Angle at the Baſe B, whence + 


to find the Baſe BR, it will be by the 2d Example of the ath 1 


Section the 5th, 
As R: cs, CB: : t, CB t, BR: That is, 


As the Radius — — [0.0000000 


To the Co- ſine of the Angle at t the Baſe B=42.15.133 9.869334 


So is the Tangent of the Hyp. or Side CB=40.00. .I0——9 9238563 
To the: Tangent of the Baſe BR=3 1.50.46 9.7931907 
2. To find the Perpendicular CR, it mo be. by the 24 Example 


of the 5th Caſe ot Seftion the 5th, 
As che KS. CB :S.<B:S. ck. That is, 


As the Radius ⸗oꝛo ⁊ n — ———10.0000000 


To the Sine of the Hyp. or Side CB=40. oo. 10 9.8080926 
* Sois tne Sine of the Angle at the Baſe B=42. L5,135—9. 82765 7 


| To the Sine of the Perpendicular CR=25.36.36z —=96357296 
3. In the Triangle DRC, which Triangle I call the 24 — 


angle, there are given, the Side CD or Hypothenuſe, and the 
pendicular CR laſt found, whence to find the Baſe DR, it wil 


by Caſe the 14thof Seffion the Fd © << 
As cs, CR:R::cs,CD:cs, DR. That is, 


As the Co- ſine of the Perpendicular CR =25. 36. 364—=9 9550889 


To the Radius =—————— 10.0000000 
So is the Co- ſine of the Hypoth. or Side r 30. 9 8064817 
To the Co- ſine of the Baſe DR=44.44.50— n—9 1928 


X xx This 


n 


— 


1 N 
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This Baſe DR equal to 44 deg, 44 min. 50 ſec. of the 2d Tri- 
angle, added to the Baſe BR of the 1/# Triangle, equal to 3 1 deg, 
50 min. 46 ſec. before found, becauſe the Perpendicular CR falls 
within the Triangle, gives the Side DB equal to 76 deg- 35 min. 

6 ſec. . 4 

. By comparing the ſimilar parts of the two Triangles BRC ang 
CRD together, with the help of the 115% Cor. of the 15th Geow, 
Prop. of Part the iſt, may the Segment, DR be directly inveſtigated, 
without finding of che Perpendicular CR. 

For becauſe the Perpendicular CR is common to both the Tri- 
angles, let it be ſuppoſed to be known or given, and becauſe in the 
Triangle DCR the Hypothenuſe DC is given and the Baſe DR re- 
quired, let the Proportion be made for finding the Baſe RB of the 
Triangle CRB, from the Hypothenuſe CB and Perpendicular CR; 
alſo the Proportion for finding the Baſe DR of the Triangle DRC, 
from the Hypothenuſe DC and common Perpendicular CR; then 
by comparing theſe two Proportions together and expunging the 
Terms common to both, (according to the 115% Cor. of the 15th 
Geom. Prop.) a new Proportion will ariſe for finding the part required 
directly; thus in the Triangle CRB to find the length of RB, it will 
be by the 14th Cale of Right-angled Spheric Triangles, 

As cs, CR: R:: cs, BC: cs, BR. 

And in the Triangle DRC to find the length of DR, it will be 
by the 14th Caſe of Right -angled, &c. 

As cs, R: R: : c5, DC: cs, DR. 

But becauſe in theſe two Sets of Proportionals the two firſt Terms 
each, viz cs, CR and the Radius are both the ſame, the others will 
be directly proportional by the 115% Cor. of Prop. the 15th; Sect. the 
1ſt of Part the 1ſt; that is, 

PITTS 8 ca 621 5200 :c$, BR: ca;DR. . 

As the Co-ſine of the Side BC or Hypothenuſe of 
the 1½ Triangle BC=40-00.10 _ — 8 9.884363 


— 


— — 


To the Co- ſine of the Side DC or Hypothenuſe of the 

2d Triangle 50. 10 · 30 — e TE — 3 1 9. 8064817 

do is the Co- ſine of the Baſe BR of the 24 Triangle _ N 
231.50. 46 —— — — navy 9.929147 

—— —— 


To the Co- ſine of the Baſe of the 2d Tii-DR=44.44.50 9.8513926 
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Which added to the Baſe BR equal to 3 f deg. 50 min. 46 ſec. be- 
tore tound, becauſe the | Perpendicular falls within makes 76 deg. 
35 min. 36 ſec, for the length BC required. N 4:1 

And univerſally, having drawn a Perpendicular from the end of that 
given Side which is adjacent to the given Angle, and ſo that it may fall 
oppoſite to the given Angle, we ſhall always hare an Hypotheuuſe 
and an Angle at the Baſe given in one of the two Triangles, which is 
called the 1/# Triangle, to find either tlie Baſe as in the 34, 6th, and 9th 
and 10th Caſes, or the Angle at the Perpendicular, as in the 470, 5 7th 
and 87 Caſes, according as the Caſe requires; and in the other Tri- 
angle which is called the 2d Triangle, there is given, either the Hy- 
pothenuſe as in the 3d or 4th Caſes, or the Angle at the Baſe, as in 
the 5th or 6th Caſes, or the Baſe which is eaſily had by adding or 
ſubſtracting, (according as the Perpendicular falls within or without 
the Triangle) the Baſe as in the 9th and 40% Caſes in the 3/4 Tri- 
angle, to or from the Side of the Oblique- angled Triangle firſt .gi- 
ven, upon which the Perpendicular falls; alſo the Angle at the 
Perpendicular in the 24 Triangle is in like manner readily 
found, by adding or ſubſtracting (according as the Perpendicular 
falls within or without the Triangle) the Angle at the Perpendicular 
as in the 7th and 8th Caſes, to or from the Angle of the Oblique- 
angled Triangle firft given, from whence the Perpendicular is drawn. 

In the 2d Triangle a Side or Angle being thus known, the Side 
or Angle required may be found by comparing the fimilar part of 
the two Triangles together, for the two Right-angled Triangles 
having a common Perpendicular their parts have an Analogy one to 
another; and by taking the common Perpendicular with the Side or 
Angle given and the Side or Angle required, the Proportion of the 
known to the unknown will be readily deduced by the Iſt Axiom, and 
by comparing theſe with the ſimilar parts of the firſt Triangle, 
the help of the known Laws of Proportion, the unknown parts 
the 2d Triangle will be readily diſcovered; thus if an Hypothenuſe 
as in the 8th or 9th Caſes, or an Angle at the Baſe as in the th and 
roth Caſes be required, the Proportion gives the Side or Angle 
required of the Oblique-angled Triangle ; but if a Baſe as in 
the zd or 6th Caſes, or an Angle at the Perpendicular as in the 4 
and 5th Caſes be required, then this Baſe or this Angle added to or 
ſubſtracted from (according as the 1 falls within or with- 

XX 2 out 
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the Triangle) the Baſe or Vertical Angle of the 1ſt Triangle wili 
give the Side or Angle required of the Oblique-angled Triangle 
firſt given, as will be Exemplified at large in the following Caſes. 
And altho there are ſeveral Rules laid down and demonſtrated in the 
former Section, for the ready Solution of any of the 1/ 10 Caſes, yet this 
way of reſolving of them by letting fall thePerpendicular is preferable 
to any ofthem, as being univerſal and leſs burthenſome to theMemory, 
The Method of finding the Perpendicular firſt, in order to find 
the thing required, of which I have given here an Inſtance (but 
ſhall omit to do it in the following Caſes for brevitys ſake) as it is 
very eaſy to be underſtood, and ſhews the Extenſive Uſe of the 
q 1/ Axiom, ſo it ought to be well known firſt, and tho' it be 
generally eſteemed unartificial and ſeldom made Uſe of in com- 
mon Practice, becauſe it augments the Number of Proportions by 
one Proportion, yet by rendering the Operations themſelves much 
more eaſy it has its Advantages, as is well known to thoſe who are 
well verſed in Calculations. KY 
Again, the Side DB may be direcily inveſtigated by the help of the 
34 and 4th Axioms of Section the 6th, without letting fall the Per- 
pendicular; for by Axiom the 3d it will be, 6 itte 
S8. DC: S. BC: : S. B: S. D; that is 


As the Sine of the Side DC o. 10˙30 — 9.885363 
To the Sine of the Side BC 40. oo. 109.8080926 
So is the Sine of the Angle B=42.15.134———-————9.8276370 
To the Sine of the Angle D=34.15 097503661 


And by the 1 ſt part of the 8 th Axiom of Section the 6th it will be, 
S. 1B D: S. s BAT D:: t, 1 DC- BC t, DB; that is, 
the Sine of the half Difference of the two adjacent 


Alngles Band D 4.00.54 — . 75 8.843742 


To the S. of half the Sum of thoſe 2 Angles=3 8.15.08 9.7 7770 
So is the Tangent of halt the Difference of the oppo- x k 
ſite Sides DC and BC=5.5. 10 * 949405 8 


— — . — 


- To the Tang. of 2 the interjacent Side DBS 38.17.48 9.8974415 


—ů—ů— 


Which being doubled, gives 76 deg. 35 min. 36 ſec, for the length 
| Cafe 


Iſche Side DB. 
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Caſe III. 
Example 2 


— 


Given two Sides and an Angle oppoſite to one of them to find the 
third Side; that is, 9 
In the Oblique-angled Spherical Triangle DCB 
; DB = 76.35.36 
Are given, 15 rr 5 req. BC. 
DC =50.10.30 


The Stereographic Solution. 


This Caſe is Conſtructed after 
the ſame manner as the 2d Ex- 
ample of the 187 Caſe, and BC may 
be meaſured by the Line of Chords, 
but to find its length by Calcula- 
tion, 

From D one of the Extremitys 
of the given Side DB, let fall the 
Perpendicular DR (by Caſe the 34 
of Prob. the 11th, Sec. the 2d) 
this Perpendicular becauſe it falls 
without the Triangle DBC, upon | 
the Baſe BC produced, will form rwo Right-angled Spherical Tri- 
angles DRB and DRC, in the firſt of which Triangles DRB Right- p 
angled at K are given, DB the Hypothenuſe equal to 76 deg. 35 min, | 
36ſec. and the Angle at the Baſe DBR equal to 42 deg. 15 min. 

13 fec, 5, whence to find the Baſe BR ir will be (by the 24 Example 
of the 4th Caſe of Right-angled Spherical Triangles. | 

As R: cs, <B: :t, DB: t, BR; that is, 

As the Radius — 8 
To the Co · ſine of the Angle at the Baſe B42. 15. 1319.86 

So is the Tang. of the Side or Hyp.DB=76. 3 7 Key a 


To the Tangent of the Baſe BR=72.09-00— =-10.4921074 - 


Again, 
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Again, to find RC the Baſe of the 2d Triangle DRC, becauſ- 
the Hypothenuſe DC is given, it will be (by the 14th Caſe of Right- 
angled Spherical Triangles, 

In the 1½ Triangle DBR, As cs, DR: R:: cs, BD: cs, BR. 

In the 2d Triangle DRC, As cs, DR: R: : cs, CD: cs, CR, 
Wherefore, becauſe the two firſt Terms in each Proportion are the 

ſame the others will be directly proportional (by the 1 1th Cor. of the 
15th Geom. Prop. of Part the 1ſt.) That is, 


As cs, BD: cs, CD:: cs, BR cs, CR; that is, 


As the Co- ſine of the Side BD or Hypothenuſe of the . | 
1ſt Triangle=76.35.36 iti 5 — 9.365 2280 


— — 


To the Co- ſine of the Side DC or Hypothenuſe of 
the 2d Triangle 50. 10.30 5 9.806481 
Sa is the Co- ſine of BR the Baſe of the 1/t Tri. 72.9.0 94864674 


To the Co- ſine of the Baſe CR of the 2d Tri. 3 2.08.5: oO 9.9277211 


2 


And becauſe the Perpendicvlar falls without, if the Baſe CR of 
the 2d Triangle equal to 32 deg. od min. 50 ſec. be taken from the 
Baſe DR of the 1/7 Triangle equal to 72 deg. og min. oo ſec. there 
will remain the Side BC equal to 30 eg. oo min. 10 ſec. 

Again, becauſe the Parallel Cc cuts the Periphery in the Points 
Cc, it ſhews the Caſe is doubtful, and to find the greater Side Bc, 
becauſe the Triangles CDR e DR are equal (for the Sides CR, c R, 
are equal, the Angles CRD and c RD are Right, and the Side DR 
common) the Side BC will be equal to the Side Bc ; wherefore, if 
ro BR equal to 72 deg. og min. oo ſec. be added c R equal to CR, 
equal to 32 deg. o8 min. 50 ſec, the Sum 104 deg. 17 min. 50{cc. 
will be equal to Bc, whence it is obvious, that if the . 

B 


Angle C be {aku required Side BC is fm. 


and by comparing this Example with the tormer it is manifeſt, that 

if the Perpen- 4 within 2 then the Baſe of f added to 

dicular falls without 3 the 1/t Triangle T ſubſtracted from 

the Baſe of the 2d Triangle, gives the Side required. p 
; $45 | Cale 
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Caſe IV. 


Given two Sides and an Angle oprode to one of them, to find 
te contained Angle. 


165 


4 


Example 


In the Oblique-angled Spherical Triangle DCB 
BC =40.00.10 
Are given) Sts 15. 134 C reg. * 
CD o. 10.30 4 
This Caſe is Conſtructed after the ſame manner as the 1 Ex- 
7 ample of the 1f Caſe, and the Angle at C may be meaſured (by Caſe 
the 2d of Prob. the rxoth, Section the 2d.) 


And to find the Quantity by Calculation, 


From C the end of the given 
Side CB, let fall the Perpendi- 
cular CR (by Caſe the 75 of 
Problem the, 11th; Section the 
24)thisPerpendicular becauſe it 
falls within wilt divide the-Q- 
blique angledSpherical Triangle 
BCD, into two Right- angled 
Spherical Triangles BRC and 
DRC Right-angled at R, in the 
10 of which Triangles BRC 

ight-angled'at R, are given, 
CB the Hypothenuſe equal to 
40 deg oo min. to ſec. the 
Angle at the Baſe B, equal to | 
Theres ts-fid es” ern ae 

ence to find the Angle at the Perpendicular e n 
by the 2d Example ol the 3d Caſe, n. 3 wis-bs 


As the R:cS, B:; t. SB; ct, Cc. That is, 


As 
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2 As the Radius | — f | * ———10.0000000 


= 


— 


To the Co- ſine of the Hyp. or Side BC 40. o0. 109.8842363 
So is the Tangent of the Angle at the Baſe B42. 15.134 9.958 3029 
To the Co-tang. of the Angle at Perp. BC RR 55. og. 5 9.84273 92 
— — — 
Again, becauſe the Hypothenuſe DC is given in the 24 Triangle 
to find the Vertical Angle or Angle at the Perpendicular DCR it 
will be (by the 12th Caſe ot Right-angied Spherical Triangles. 2 
In the 1/# Triangle BRC, As t, BC: R: : t, CR: cs, < BCR. 

In the 2d Triangle DRC, As t, DC: R:: t, CR: cs, CR. 
Wherefore, becauſe the two middle Terms in each Proportion are 
the ſame, the others will be reciprocally proportional, by the 12th 

Cor. of the 15th Geom. Theor, of Part the 1ſt. That is, 


As t, DC: t, BC: cs, CR: cs, <DCR. Wherefore, 


As the Tangent of the Side BC or Hypothenuſe in ? 


the 2d Triangle=50.10,30 - 10,0788818 


To the Tangent of the Side DC or Hypothenuſe in? 
the firſt Triangle=40.00-10 — — 5 9.9238563 

So is the Co- ſine of the Angle at the Perpendicular | 
DCR in the 1ſt Triangle=58.09.55 —— == * 9.757846 


». 
— 
* 4 


A 


To the Co-ſine of the Angle at the — wo 
DCR in the 2d Triangle=66. 26.2 1— | 9.6017591 


MC 


This Angle at the Perpendicular DCR, in the 24 Triangle equal 
to 66 deg. 26 min. 21 {ec. added to the Angle at the Perpendicular 
BC R in the 1ſt Triangle before found, equal to 55 deg. og min, 
59 ſec. (becauſe the Perpendicular falls within the Triangle) makes 
121 deg. 36 min. 20 ſec. for the Angle DC required. 

Again, the Angle at C may be directly . inveſtigated, by the help 
of the 3d and 4h Axioms of Section the 6th, without letting fall the 
Perpendicular ; for by the 3d Axiom it will be 


As S. DC: S. BC: : S. N: OD. That is, 
| | As 
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As the Sine of the Side DC 5. 10.30kü⸗łñ],ç 9.88; 3635 
To the Sine of the Side BC=40.00.10 + = —9 8080926 


So is the Sine of the Angle at B42. 15.134 ——--9.8276370 
To the Sine of the Angle at D=34.15.024——— 9.7503661 


And by the firſt part of the 4th Axiom it will be, 
As $.3DC—BC : S.. DC+BC: ct, 4 <s B-D:rt,+<C; that is, 
As the Sine of; the diff. of Sides DC and BC=05.05.10 8.947692 4 


To the Sine of half their Sum 45.05.20 —————9.8501577 
So is the Tangent of half the Difference of the — 8.8448 
— — 


To the Co- tangent of half the Angle Co. 48. 101—9. 7472675 


—— 


Which being doubled gives 121 deg- 36 min. 21 ſec. for the Angle 
at C required, - 


Caſe IV. 
Example 2. 


Given two Sides and an Angle oppoſite to one of them, to find 
the contained Angle ; that 1s, | 
In the Oblique-angled Spherical Triangle DCB 
DC= 50.10.30 
Are given = B=q2a5.rp4 © req. D. 
BD =76.35.36 | 


The Sereographic Solution. 


This Caſe is Conſtructed after the ſame manner as the 2d Example 
of the 1/ Caſe, and the Angle at D may be meaſured by Caſe the 34 
of Problem the 10th, Section the 24, | 

But to find its length by Calculation, 

From D one end of the given Side DB, let fall the Perpendicu- 
lat DR, by Caſe the 3d of Problem the 1 17h, of Section the 2d, this 
Perpendicular becauſe it falls without the Triangle DBC, upon the 
Baſe BC produced to R, will form two Right-angled Spherical 

_ Triangles DRB and DRC Right-angled at R, in the 1 of which 
Triangles DRB Right-angled = R, are given, the a 
YY B 
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DB equal to 76 deg. 35 min. 36 
ſec. the Angle at the Baſe B equal 
to 42 deg. 15 min. 13 ſec. 3, 
whence to find the Angle at the 
Perpendicular BDR, it will be 
by the 2d Example of the 3d Caſe 
ot Right-angled Spherical Tri. 
angles, | | 


As the R: cs, DB:: t, B 
: ct, CDR; thar is, 


As the Radius? — — 10.0000000 


To the Co-ſine of the Side DB or Hyp.=76-35.36—=9.3652280 
So is the Tang. of the Angle at the Baſe B=42.15.134 9.9583029 


To the Co-tang. of the Angle at Perp.BDR=78.06.1 9% 9:3235309 


Again, Becauſe the Hypothenuſe DC is given in the 2d Triangle 
DRC, to find the Angle at the Perpendicular CDR, it will be by 
the 12th Caſe of Right-angled Spherical Triangles, 

In the 1/ Triangle DKB, As t, DB: R:: t, DR: cs, BDR. And 

In the 2d Triangle DRC, As t, CD: R:: t, DR: cs, CDR. 

Wherefore, becauſe the two middle Terms in each Proportion 
are the ſame, the others will be reciprocally proportional (by the 
12th Cor. of the 15th Geom. Prop. of Part the 1/t.) That is, 
3 3 the t, 7 : LE CEOS C F CDR. 

s the Tangent of the Side or Hypothenuſe in 

the 24 Triangle=59.10.30 = — — 5 10. 0788810 


To the Tangent of the Side BD or Hypothenuſe 0 
in the 1 Triangle=76.35.36 — — 
So is the Co- ſine of the Angle at the Perpendicular 
BDR in the 15 Triangle=78.06.194 ——-— 


10. 6227730 


F 93141056 


# % 


_— 


To the Co- ſine of the Angle at the Perpendicular FR. A 
CDR in the 2d Triangle 43.5 1.16% m7 OTE” * 9.85 79962 


= 
4 — Þ i Aw 4 
— 1 


The 
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The Angle at the Perpendicular DR in the 2d Triangle, equal 
to 43 deg. 5 1 min. 16 ſec. 3, taken from the Angle at the Perpendi- 
cular BDR in the 1/# Triangle, equal to 78 deg. os min. 19 ſec. 3, 
(becauſe the Perpendicular falls without the Triangle) will leave the 
Angle BDC required, equal to 34 deg. 15 min. 2 ec. 2. 

Again, becauſe the Parallel Cc cuts the Periphery in the Points 
C and c, it ſhews the Caſe is doubttul ; and to find the greater An- 
ole BD c, becauſe the Triangles CRD and c RD are equal (for the 
Sides CR, c R, are equal, the Angles at R Right, and the Side DR 
common) the Angle CDR will be equal to the Angle c DR, where- 
fore if to the Angle BDR equal to 78 deg. os min. 19 ſec. £, be ad- 
ded the Angle c DR equal to 43 deg. 51 min. 16 ſec. 4, the Sum 
121 deg. 57 min. 35 ſec. 2, will be equal to the Angle BDc ; whence 
it is manifeſt, that if the Angle C be 

| | . cr 16"), 

Dy þ the required Angle D 1s Ihe : : - , 5 and 

by comparing this Example with the former, it is evident, that If 


the Perpendicular fall 3 7 the Triangle, then the Vertical 


Angle of the 1/7 Triangle Ln om the Vertical Angle of 


the 2d Triangle will give the Angle required. 
# _ Gat V. 
Given two Angles and a Side oppoſite to one of them, to find 
the other Angle, 


Example. 


In the Oblique-angled Spherical Triangle DCB, 
| _ e<C=x222436:20 5 
Are given \ DB= 76.35-36 £ req. . 
C<B= 42.15-134”, 
The Stereographic Solution: 

This Caſe is conſtructed after the ſame manner as the 24 Caſe, 
and the Angle at D may be meaſured by Caſe the zd of Problem the 
Toth, Sektion the 24. 

Yyy 2 But 
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Baut to determine its length by Calculation: 


From D one Extremity of the 
given Side DB adjacent to the given 
Angle B, let tall the Perpendicular 
DR, by Caſe the 3d of Prob. the 11th, 
of Set. the 2d; this Perpendicular be- 
cauſe the Angles at the Baſe C and B 

are diſſimilar, will fall without the 
Triangle DBC upon the Baſe BC pro- 
duced to R, wherefore in the Right- 
angled Spherical Triangle DRB Right- 
angled at R, are given, the Hypothe- 
5 nuſe DB equal to 76 deg. 35 min. 36 
ſec. the Angle at the Baſe B equal to 42 deg. 15 min. 13 ſec, 2, 
whence to find the Angle at the Perpendicular BDR, it will be by 
the 2d Example of the 3d Caſe of Right-angled Spherical Triangles. 


As the R: cs, DB: : t, TB: ct, CDR; that is, 
As the Radius « 100000000 


To the Co-ſine of the Hypothenuſe or Side DB 7s. 3 5. 36 9.3 6 5 2280 
So is the Tang, of the Angle at the BaſeB=42.15.134—9.9583029 


To the Tang- of the Angle at the Perp. BDR 786.1 949.3235309 


— — 


Again, to find the Angle at the Perpendicular CDR in the 2d 
Triangle CRD, becauſe the Angle at the Baſe DCR, the Supple- 
ment of the Angle DCZB is given, it will be by the 1175 Caſe of Right- 
angled Spherical Triangles, | | 

In the 1 Triangle DBR, As cs, DR: R:: cs, Cg: S. CDR. And 

In the 2d Triangle DCR, As cs, DR: R:: cs, : S. CDR. 

But becauſe the two firſt Terms in each Proportion are the ſame 
they may be rejected, and the others will be directly proportional 
by the 11th Cor. of the 15th Geom. Prop. of Part the I/; that is, 


As es, O: cs, C:: S. BDR: S. DR. 
As 
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As the Co- ſine of the Angle at the Baſe B in the 1/2 
Triangle 42.15. 134 —ä — 7 9.8693 344 


To the Co- ſine of the Angle at the Baſe C in th * 
24 Triangle L £3620 ou — 9.7193 880 

So is the Sine of the Angle fat the Perpendicular 
BDR in 1ſt Triangle 78.06. 194 — + 9:9905 734 


To the Sine of the Angle at the Perpendicular CDR — — 
in the 2d Triangle 43.5 1.16 1äkͤ́æęᷣ "IS 9.8406270 


—_ 


But the Angle at the Perpendicular CDR in the 2d Triangle e- 
qual to 43 deg. 51 min. 16 ſec, , taken from the Angle at the Perpen- 
dicular BDR in the 2d Triangle, equal to 78 deg. os min. 19 ſec. 4, 
will leave 34 deg. 15 min. oa ſec. 2, for the Quantity of the Angle 
BCD required. 8 | 

By the help of the 3dand 4h Axioms, may the Angle at O in this 
Caſe be inveſtigated without letting fall the Perpendicular DR; 
for by the 3d Axiom it will be, 3+ 0s, n 

8. 8. : S. TB:: S. DB: S. DC: that is 


As the Sine of the Angle at C 121.3 6.80 —p—_— 9.9303744 
To the Sine of the Angle at B= 42.15.13. 5 
So is the Sine of the Side DB=76.35.36——— — 33597 

To the Sine of the Side DC 50. 10.36. 3 


And by the 1/t Part of the 4th Axiom it will be, | 
As S. DB—DC : S. DB+DC: : t, + CB: ct, C. 
As the S. of 3 the Diff. of the Sides DB & DC=1 3.12.33 9.3588987 


To the Sine of half their Sum 3.2 2 9.9513 524 
So is the T. of + the Diff. of the C and B=39-40.33+ 9.91 88199 


To the Co- tang. of 2 the contained WD= 17-07.3 14 10.571 2736 


Which being doubled gives 34 deg. 15 min. 02 ſec. 4, for the re- 
quired Angle D. 1 0 | 


Caſe 


1 Spherical 'Tiigonometry. 
. — 
Given two Angles and a Side oppoſite to one of them, to find 
the other Angle; that is, 4 
In the Oblique- angled Spherical Triangle DCB 
#90 nil 


0 
Are given BC=40.00.10 7 req. XC, 
2 <D=34.15.022 © | 


The Stereographic Solution, 
This Caſe is doubtful, and is pro- 
jected after the ſame manner as the 
24 Example of the 1ſt Caſe, and the 
Angle at C may be: meafaxed by Caſe 
3 : Problem the 1 oth; of Section 
e 2d. a | 

But to find.thedength by Calculation, 
From C one Extremity of the gi- 
ven Side CB adjacent to the given 
Angie” B, let fall the Perpendicular 
C Roby Caſe the 34 of Pyob. the 1 17h, 
, * of Sect. the 2d, this Perpendicular be- 
cauſe the Angles at the Baſe are ſimilar, will fall within the Triangle, 
and will divide the Oblique· angled Spherical Triangle firſt given, into 
two Right-angled Spherical Triangles CBR and CRD Right-angled 
- at R, in the firſt of which Triangles BRC ate given, CB the Hy- 
pothenuſe equal to 40 deg. oo min; 10 ſec. the Angle B at the Baſe 

equal to 42 deg. 15 min. 13 ſec. z, whence to find the Angle at the 
Ferpendicular BC R, it will be by the 2d Example of the zd Caſe of 
Right-angled Spherical Triangles, 
| As R: cs, CB: ; t, B: ct, BCR; that is, 
2 As the Radius — — 1 . ooo 
I To the Co- ſine of the Side or Hyp, CB=40.00,10—9.8842363 
So is the Tang. of the Angle at the Baſe B=42.15-134 2.2822 
To the Co- tangent of the Angle at the Fe . 

ar BcR=55. 0959 2854395 
Again, 


Again, becauſe in the 2 Triangle DCR the Angle at the Baſe is 
given, to find the Angle at the Perpendicular DCR, it will be by the 
1Ith Caſe of Right-angled Spherical Triangles Sett. the 5th, v 

In the 1 Triangle BRC, As cs, CR: Rzcs, CB: S. BCR. And 

In the 24 Triangle DRC, As cs, CR: R: : 8, D: S. Oc R. 

But becauſe the two firſt Terms in each, viz. cs, CR and Radius 
are the ame, they may be rejected, and the other Terms will be di- 
realy proportional, by the 11 Cor. of the 15th Geom, Prop, of Part 
the 1ſt; that is, n 3 ; a 
As cs, <B: cs, <D: :S. BC R: S. DCR; that is; 

As the Co-ſine of the Angle at the Bate B in the 

1ſt Triangle 425.136 ñf1ĩ§;Xö 
To the Co- ſine of the Angle at the Baſe D in the 

2d Trian D 148 ; in hes 0172861 

So is the Sine of the Angle at the Perpendicular BCR 

in the 1/: Triangle=55.095 9 —— 


To the Sine of the Angle at the Perpendicular DCR 4 
in the 2d Tage 6646. 9964967 
The Angle at the Perpendicular BCR in the x/t Triangle equal 
to 55 deg. 09 min. 59 ſec · added to the Angle at the Perpendicular 
De in the 24 Triangle, equal to 66 deg. 26 min. 21 ſec. becauſe 
the Perpendicular falls within, gives 121 deg. 36 min. 20 ſec. for the 
Angle DCB, but added to the Supplement of the Angle DCR, e- 
qual to 113 deg. 33 min, 39 ſec. will give the great Angle d CB, e- 
jual to 168 deg. 43 min. 38 ſec. by the 11th Caſe of Right-angled 
Spherical Trim nt 3 1 
For that the Cafe is doubtful is manifeſt, from this, that the Paral- 
let p p deſcribed about 4, the Pole of the Circle B D dN, cuts the 
Great Circle AE in two places p and p, on the ſame Side of the Cen- 

ter the Poles of the Circles CDG and Cd G are. a 

By comparing the r n it 1s evident, that if 

: within | 5 OS JIE 
i Yona at YEE ve ge, nh Var 
Angle of the 2d Triangle rr 2 Crhe Vertical Angle of the 
firſt Triangle will give the Angle required. | 


$9.9142450 


— — 


Caſe 


7 8693344 
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. 


8 Angles and aSide oppol re to one of den, to fag 
the interjaceut Side. 


7 17 A 


| u Esample | 
"In the Oblique-aigled Spherical Triangle DCB 
<C=121.36.20: 
| Are given, 125 76.3 5. 36 8 req. BC. 
B= 42.15.7134 
The Stereographic Solution. 


8 This Caſe is Conſtructed after the 
R . fel manner as the 24 Caſe, and the 


w) 
21 
oY 
£ 


Side BC'may be meaſured by the Line 
55 of Chords, but eee the length 


Ay * \ by Calculation, 
— 15 From D the dend of the given Side 


DB, let fall the Perpendicular DR by 
4 Wa - HY Caſe the 3d of Problem the 11th, Section 
„ the 2d, this Perpendicular becauſe the 

| {- _ſ Ang les at the Bale R and are diſſimilar, 
1 . fall without the Triavgle, and form 
two Spherical Triangles DR andDRC, 
enge at R, in the firſt of which BR are given, DB the Hy- 


| pothenuſe, equal to 76 deg. 35, min. 36 ſec. the Angle at the Baſe B, 


equal to 42 deg. 15 min. 13. ſec-7, whence to find the Baſe BR, it 
will be by the 24 EX" of the 4th Caſe of Right-angled Spherical 
Triangles, 2 tr 


AsR:cs,<B:: t, BD 0 BR; that i is, 
As the Radius — ro. oooooo⁰ 


2 1 2 — 
- * 
= * of " 
„ 
1 


o the Co- ſine of een at the Baſe B 42.15. 134 9.869334 
So is the Tangent of the Hyp. or Side BD==76.35.36—10.6227730 


To the Tangent of the Baſe BR=72.09-00 — 0,49 1074 


Again, 
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Again, in the 2d Triangle DRC, becauſe the Angle at 
the Baſe DCR is given, to find the Baſe CR, it will be by Caſe the 
gth ot; Right-nng/ed Spherical Triangle + 
In the / Triangle DRB, As t, <B:R: :t, DR: S. ER. And 

In the 24 Triangle DRC, As t, C: R:: t, CR: S. CR; that is, 

Becauſe the two middle Terms in each Proportion are the 
ſame, they may be expunged, and the others will be reciprocally 
proportional, by the 12th Cor. of the 15th Geom. Prop. of Part the 


1. Wherefore, 
As c. C : t, <B : X. BR: 8. CR; that is, 
As the Tangent of the Angle at the Baſe C in the 1/2 


0 
Triangle 2121.36.20 ————-* . 10. 2108865 


— — 


7— — 
* 


111 


To the Tangent of the Angle at the Baſe B in the 

157 TRE 40: 50 I . = - 7 9:9583029 
So is the Sine of the Baſe BR in the 2d Triangle 
| =72.09.00 | — 9 = * 9-9785741 


— 


To the Sine of the Baſe CR in the 2d Triangle + -- © -- 
=32.08.50 | 7 91259905 
The Baſe CR equal to 32 deg. od min. 50 ſec, taken from the Baſe 
BR before found,[(becanſe the Perpendicular falls without) equal to 
72 deg. og min, oo ſec· leaves, the Side BC required 40 deg. oo min. 


— — vꝛ — — — — — 


10 ſec. 
But the Side DC may be readily found without letting fall the 
e by the help of the 3d and 5th Axioms, of Seftion 

6th. | | 
For by the 3d Axiom, to find the Side DC, it will be 


As the 8. <C:S. B:: S. DB: S. DC; that is, 


As the Sine of the Angle at C=121.36. 20 —9.9302744 
To the Sine of the Angle at B=42.15-135 — — 6 70 
So is the Sine of the Side DB=76.35.36 ———— eben 


La 


* = * ww 


Tothe Sine of the Side DC=50.10.30 98853653 


— 


4 
- 
2 2 * And 
. 
- - - 
4 nn 
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And by the former part of the 5th Axiom it will be, 
As the S. <5 C—B : S. CB: :t,* DC— CB: t,; BC. 
As the Sine of + the diff. of the Angles C & B 9.40. 337 9.805 1238 


To the Sine of half the Sum gg 1. 55.467 —— 9.995675 
So is the Tang. of ; the diff. of DB and DC=13.13.33 9.3705442 


To the Tang: of half the Side BC=20.00.05 9.56 10979 


The double of which, viz. 40 deg. oo min. 10 ſec. will give the 
length of the Side BC, as before found. 


Caſe VI. 


Exnmply 2. 


Given two Sides and an Angle oppoſite to one of them, to find 
the interjacent Side; that is, 


In the Oblique-angled Spherical Triangle DCB 
<B=42.15.133 
Are gens BC=4000.1 5 req. BD. 
C DS3415. 21 


The Stereographic Solution. 
This Caſe is doubtful, and is Con- 
ſtructed after the ſame manner as 
the 2d Example of the 2d Caſe ; and 
the Side BD nay be meaſured by the 
3d Caſe of Problem the 7th, of Sectio 
the 2d. | 
But to find the length by;Calculation, 
From C the end of the given Side 
CB, let fall the Perpendicular CR, 
a by Caſe the 3d of Prob. the 11th of 
. | Section the 2d, this Perpendicular be- 
| 22 ca auſe the Angles at the Baſe are ſimi- 
lar, will fall within the Triangle, and will divide the Oblique- angled 
Spherical Triangle BCD firſt given, into two Right-angled Spherical 
Triangles BCR and DCR Right-angled at R, in the firſt of mow 
| AI. 
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- Triangles BCR are given, the Hypothenuſe CB equal to 40 deg. 
oo min. 10 ſec. the Angle at the Baſe B equal to 42 deg. 15 min. 


13 ſec. 2, whence to find the Baſe BR, it will be by the 2d Example 
of the 4th Caſe of Right-angled Spherical Triangles, 

| As R: cs, <B: :t,BC: t, BR; that is, 
As the Radius — — 10. oooοο 


To the Co- ſine or̃ the Angle at the Baſe B=42.15-134 9.8693 244 
So is the Tangent of the Side or Hypoth. BC=40.00.10 9.9238563 


To the Tangent of the Baſe BR /i: 1.50.46- 9.7931 900 


Again, in the 24 Triangle DRC, becauſe the Angle at the 
Baſe D is given, to find the Baſe DR, it will be by the 9th Caſe of 
Right-angled Spherical Triangles. | 

In the 1ſt Triangle BRC, As t, B: R: :t, CR: S. RB. And 

In the 2d Triangle DRC, As t, D: R:: t, CR: S. CR; that is, 

Becauſe the two middle Terms in each Sett of Proportionals are 
the ſame, the others will be reciprocally proportional, by the 12:6 
Cor. of the 15th Geom. Prop. of Part the 1/7. Wherefore, 


As the t. <D t,: g:: S. BR: S. CR; that is, 
As the Tangent of the Angle at the Baſe D in the 24 2 
eee 
To the Tangent of the Angle at the Baſe B in the? 
Iſt Triangle=42.15.134 —— he F 9.9583029 
So is the Sine of the Baſe BR in the 1/ — 8 
231.50. 46 — — _ _— 97 3373 


To the Sine of the Baſe CR in the 24 Tri.=44-44-50 9.8275597 


— — 


— 


The Baſe BR of the 1f Triangle equal to 31 deg. 50 min. 46 ſec. 
added (becauſe the Perpendicular falls within) to the Baſe CR of the 
2d Triangle equal to 44 deg. 44 min. 50 ſec. gives the Side BD, e- 
qual to 76 deg. 35 min. 46 ſec. but added to the Supplement of CR, 
equal to 135 deg. 15 min. 10 ſec. becauſe the Caſe is doubtful, will 
give the great Side d B, equal to 167 deg- o5 min. 56 ſec- 


SES And 
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And by comparing the two Examples together, it is obvious, that 
e the Triangle, the Baſ 

It the Perpendicular fall I ithout riangle, e Baſe of 


the 2d Triangle ren 8 the Baſe af the 1/2 Triangle, will 


give the Side requed, A 
- Caſe VII. 
* Given two Angles and the interjacent Side, to find the other 


| E xample. 


In the Oblique-angled Spherical Triangle DC B, 
<C=121-36.20 
Are given} CB 40,00.10 5 req. <D 
| S<B= 42.15.13% af 
. 1 IT be Stereographic Solution. 
f | . 1. Having drawn the Primitive Cir- 
cle ACEG, the Diameter AE, and 
at Right-angles to it CG, ſet off the 

Chord of CB, equal to 4odeg. oo min. 

x0 ſec. from C to B, and draw the 
Diameter BN, and at Right-angles 

to it FH. © Pl. þ | 

2. Thro the Point B draw the 

Great Circle BDN, forming an An- 
gle of 42 deg. 15 min. 13 ſec. 5, equal 

to the Angle B, with the Primitive 
Circle CB, by Caſe the 3d of Problen 
| the 9th, of Section the 2d. 

3. Thro the Point C draw the Great Cirele CDG, forming an 
Angle of 121 deg. 36 min. 20 ſec. equal to the Angle C with the 
Primitive Circle CB, by Caſe the 3d of Problem the 9th, of Section the 
meaſured 24, then 1s the Triangle DCB form'd, and the Angle at 
D may be(by Caſe the 3d of Problem the 10th, of Section the 2.) 

to determine its length by Calculation. | 

From C one end of the given Side CB, let fall the Perpendicular 

CR, by Caſe the 3d of Problem the 11th, of Section the 24, this = 
; pendi- 


* 
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pendicular becairſe it falls within, will divide the Triangſe DCBfirſt- 
en, into two Right-angted Spherical Triangles CBR and CDR 
ght angled at · R, in the firſt of which CBR are given, CB the Hy- 
pothenuſe equal to 40 deg. oo min. 10 ſec. the Angle B at the Baſe 
equal to 42 deg. 15 min. 13 ſec. 5, whenee to find the Angle at the 
Perpendicular NCR, it will be by Caſe the 3d of Example the ad, of 
Right-angled Spherical Triangles | TY 3 
As R: cs, BC: : t, <B: ct, ; that is, 


As the Radius — | — [0.0000000 
To the Co-ſine of the Side BC==40.6d. ro—— 9.8842363 


So is the Tangent of the Angle at theBaſe B42. 15.134 99583029 
N 7 1 4 —— 3 


To the Co- tang· of the Angle at Perp. B CRS 55. og. 59 9.84253 92 

The Angle at the Perpendicular BCR in the 1ſt Triangle, equal 
to 55 deg. og min, 59 ſec. taken from the Angle DCB, equal to 
121 deg. 36 min. 20 ſec. (becauſe the Perpendicular falls within the 
Trriangle) will leave the Angle at the Perpendicular DCR in the 2d 
Triangle, equal to 66 deg- 26 min. 21 ſec. _ 

Again, in the 2d Triangle DRC, becauſe the Angle at the Per- 
pendicular DCR, is given to find the Angle at the Baſe CDR, it 
will be by Caſe the 7th of Right-angled Spherical Triangles. 

la the 1½ Triangle BCR, As R: cs, CR: : S. CR: cs, CB. 

In the 2d Triangle DCR, ASR: cs, CR: : S. CR: c O. 

Wherefore, becauſe the two firſt Terms in each Proportion are 
the ſame, they may be rejected; and the others will be directly pro- 
portional, by the 117) Cor. of the 15 Geom. Prop. of Part the 1ſt. 

As the S. BCR: S. DCR. : cs, B: cs, <D; chat is, 

As the Sine of the Angle at the Perpendicular BCR 

in the 1 Triangle 55.09.19 ͤÄLů??— "ne * 
To the Sine of the Angle at the Perpendicular DC R in 
the 24 . — — — 9.962 1970 
So is the Co- ſine of the Angle at the Baſe B in ʒ 
the 1ſt. Triavgle=42.15-1354 —— . Ka 9.8693 344 
To the Co- ſine of the Angle at the Baſe D in the 
2d Triangle 234 15.0 ͤÄͤñ„ũ„«.?yu 1 99 12500 


O 


— — — — 
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Or che Angle BDC of thel i Triangle BDC, which Angle at D 
beetle the Perpendicular falls within the Triangle, is fimilar to 


the Angle B, and conſequently * n 
Having found the two oppoſite Sides by the 5th Axiom, the con- 


rained or third Angle may be found by the 3d Axiom, without let- 
ting fall the W 


Caſe VII. 
"Example 2. 


Given twoAngles and the interjacent,Side to find the other Angle; 
that is, | 
In the Oblique-angled Spherical Triaogle DCB 
| < B= 42.15.1343 
Are given, | DB= 76.3 5. 36 6 req. YC. 
N D 3415.02 


The Stereographic Solution. 


1. Having drawn the Primitive 
Circle CAGE, the Diameter BN, 


.and ar Right-angles to it the Dia- 
meter EH. 


2. Thro' the Poine B draw the 
Great Circle BDN, forming an 
„Angle with the Primitive Circle of 

12 , 432 deg. 15 min. 13 ſec., equal to 
the Angle at B, by Caſe the 3d of 

Problem the gth, of Section rhe 24. 


3. Lay off 16 deg. 35 min, 36 be. the length of DB, in the Great 
Cirde BDN from B to D, by Caſe the 3d of Problem the 6th, of 
Section the 2d. 

4. Thro' the given Point D draw the Great Circle CDG, form- 
ing 9 Angle of 34 deg. 15 min. 02 ſec, 3, the Quantity of the An- 
gle at D, with the Great Circle BDG, by Caſe the 4h of 1 


* 
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6 the tb, of Section the 2d and the thing is done, and the Side BD may 
ö be — — by the Line of Chords: | | 
| But to determine its length by Calculation. 

Thro? the Extremity B of the given Side BD, draw the Perpen- 
dicular BR, by Caſe the 3d of Problem the 11th, of Section the 2d; 
this Perpendicular becauſe it falls without the Triangle upon the 

Side DC produced to R, will form two Right-angled Spherical 
Triangles DRB and CRB, Right-angled at R, in the firſt of which 
Triangles DRB are given, DB the Hypothenuſe equal to 76 deg. 
35 min. 36 ſec. and the Angle D ar the Baſe equal to 34 deg. 15 min. 
02 ſec. 3, whence to find the Angle at the Perpendicular DBR, it 
will be by the 2d Example of the 3d Caſe of Right-angled Spherical 


Triangles. | 
As the R: cs, BD: :t, D: ct, <DBR ; that is, 
As the Radius —— 2 — 19.0000000 


To the Co- ſine of the Side or Hyp.BD=76. 35.36 — 6:0 
So is the Tang. of the Angle at the Baſe D 4. 15. 021 9-8330805 


Tothe Ce-tangent of the Angle at Perp-DBR=81.01.424 9.1983 o85 


If from theAngle DBR, equal to 81 deg. oi min. 42 ſec.?, the An- 
gle at the Perpendicular in the firſt Triangle DHR, be-taken the Angle 
Dc equal to 42 deg- 15 min. 13 ſec. a, becauſe thePerpendicular falls 
without the Triangle, there will remain the Angle at the Perpendi- 
cular CBR equal to 38 deg. 46 min. 29 ſec. 4 in the 24 Triangle, 
wherefore, becauſe in the 24 Triangle the Angle at the Perpendi- 
cular is given, to find the Angle at the Baſe, it will be by the 775 
Caſe of Right-angled Spherical Triangles, 

In the 1/ Triangle DBR, As R: cs, BR: S. CBR: cs, BDR. 

In the 2d Triangle CBR, As R: c s, BR:: t, CBR: cs, BC R. 

But becauſe the two firſt Terms in each are the ſame, they may 
be rejected, and the others will be directly proportional, by the x 12h 
Cor of the 15th Geom, Prop. of Part the 1ſt; that is, 


* 
1 
- e 


* 
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As che 8. DBR: S.CER: : cs, BDR: es, NR a 
"Ks the Sine of the Angle at the Das: as? by 946541 


DBR i in the 1% T riqagle=83 1.427 — 


— — 
To the Sins of the Angle at the P re anf 9. 7967560 


in the 2d Triangle 38.46. 291 
So is the Co- ſine of the Angle at the Baſe D in the 5 
1ſt Triangle=34. 15.024 — —Irntire=ls 9+917 2061 


— w— 


8 
To the Co- ſine of the Angle at the Perpendicular 
BCR in the 2d Triangle=58-23.40— od 9.7193880 


Whoſe Supplement to a Semicircle hs . BCD, equal 
tO 121 deg. 36, min. 20 ſec, becauſe the Perpendicular falls without, 


and by comparing theſe two Examples together, it is evident, that 
If the Angle at the Perpendicular in the 1/2 Triangle be greater 


than the Aggies at the Baſe in the ſame Triangle, and the Angle. i 
the Baſe- bee ACT Ethen the required Angle ſhall be) 7 A Keke : 


If the Angle at the Perpendicular in the 1/2 Triangle be leſlcr i 
the Angle at the Baſe in the ſame Triangle, and the Angle at the 
Baſe be ure 27 then the required Angle ſhall be be 4 Obruk > 


Obtuſe 
Caſe VIII. 


G two 85 and thei interjacent Side, to find either of the 
— Sides. 


— — 


| Example 


In the Oblique-angled Spherical Triangle DCB 
*<C==121.36.20 
Are giveng CB= 40.00.10 Creq either DC or BD. 


<H= 42.15.134 


The Stereographic Solution. 


This Caſe is conſtrued after the ſame manner as the 1½ Example 


of the 7th Caſe, and the Side BD ox DC, may be meaſured by 2 
t 


Spherical Liigonomet y. 
the 3d of Problem the 7th of Section 
the 2d. 7 2 Jt 

But to find the length of CD by 
Calculation, 

From C one end of the given Side 
CB, let fall the Perpendicular CR, 
this Perpendicular bgcauſe it falls 
within, will divide the Triangle 
DCE into two Right-angle Sphert- 

cal Triangles BCR and DCR Right- 
angled at R, in the firſt of which 
CBRare given, CB the Hypothenuſe 
equal to 40 deg. oo min. 10 ſec. the Angle B at the Baſe equal to 
42 deg. 15 min. 13 ſec. #, whence to find the Angle at the Perpendi- 
cular BCR, it will be by the 2d Example of the 3d Caſe of Right- 
angled Spherical Triangles © — 33 : 

As R: cs, BC: : t, B; t, CBC R; that is, 
As the Radius —— — 0 000 


— — — — 


To the Co- ſine of the Hyp. or Side BC 4.00. 10—9-884236 
So is the Tangent of the Angle at theBaR.B=42.1 5- ey 958 — | 

To the Tangent of the Angle BCR=55.09.59 9.842 3 

The Angle at the Perpendicular BCR in the firſt Triangle equal 
to 55 deg- 09 min. 59 ſec. taken from the Angle DCB, equal to 
121 deg. 36 min. 20 ſec. (becauſe the Perpendicular falls ichin the 
Triangle) will leave the Angle at the Perpendicular DCN the 24 
Triangle, equal to 66 deg. 26 min. 21 ſec. | 

Again, in the 2d Triangle DRC, becauſe the Angle at the Per- 

ndicular DCR is given, to find the Hypothenuſe DC, it will be 
by Caſe the 6th of Right-angled Spherical Triangles. | 

In the 1ſt Triangle BRC, As cs, BCR: R:: t, CR: t, BC; and 

In the 2d Triangle DRC, As cs, DCR: R:: t, CR: t, DC. 

But becanſe the two middle Terms in each are the ſame, they 
may be rejected, and the other two will be reciprocally proportional, 
by the £2th Cor. of the 15th Geom. Prop. of Part the 15 ; that is, 


Aaa2 As 


* 


——— 


11 + Spherical Thigonometry. * 
As te c DCR cs, BCER::t,BC:t,DC; that is, 


As the Co-ſine of the Angle at the — 
DCR of the 24 Triangle 66. 26.21 — —＋ 9.6017586 


FIT 
— CEC 


To the Co-ſine of the Angle at the Perpendicular 
BCKR in the 1/t Triangle 55. 09.59 * 9.767846 
So is the Tangent of the Side BC or Hypothenuſe 8 
of the 1ſt Triangle 40.00. 10 — = 9.923856; 


To the Tangent of the Side DC or Fypotbeugls of 2 785 
the ö 10.30 •ÿ1Äᷣ— 


1 
The Sides DC and DB may de diretily nveſligured by the help 
of the 5th Ax; without letting fall the Perpendicular. _For, 


As the 8. B: 8. CB : t, 15C: % FBC 


that is, 
As the Sine of 3 the Sum of the CC and B=81.55. 4 9. 9956775 


To the Sine of half their Difference=3 9.40.3 33 9.805 12 238 
So is the Tangent of half the cont, Side BC=20.00.5 5 956 $610979 


T | 


— 


— OO CE—_y 


To the Tangent of half the Difference of the two W- 
polite Sides BD and DC=13.12.33—— <$9: 379544 
And again, | = 
aue CTB: as, B :t, 4BC : r, #DBTDT. 
As the Co-ſine of z Sum of the s C and B81. 55 4.5 1473342 


To the Co-ſine of half their Difference 39.40. 3319.886303 
So is the Tangent of half the cont. Side BC==20.00. 05 9.5610979 


Dl. A. ems nd ä —_— 


To the Tangent of half the Sum of the two oppo- 
ſite Sides BD and DC=63.23 03 — 10.3000669 
| —_ 


Led 


But becauſe *BD+DC+#BD—DC=BD, | 


4 p 8 
If to the half Sum of the Sides BD and DC——= 
Be added the half Difference — — 


The Sum will be the greater Side BD—— 
And becauſe 4 BDFDC—4BD—DC=DC. 5 
It from half the Sum of the Sides BD and DC—=6;: 3 23 03 


Be taken the half Difference ꝛw...:.qöé i; 12 33 
The Remainder will be the leſſer Side DO ———2—=50 10 30 
Caſe VIII. 
Example 2. 


- 


Given two Angles and the interjacent Side, to find either of 
the oppoſite Sides that is, | 
In the Oblique- angled — ical Triangle Dez, 5 
= 42.15.1343 
Are given ) DB = 76.35.36 c .BC. 
<D= 34.15.04 * 


x F The Stereographic Solution: 
This Caſe is Conſtruagd after the 


ſame manner ag th#2d Example of the 
7th Caſe, and the Side BC may be 
meaſured by the Line of Chords. 

But to determine its length by Cal- 
culation, 

Thro' the Extremity B of the given 
Side B D, let fall the Perpendicular BR, 
this Perpendicular becauſe it falls with- 
outthe Triangle, will form two Right- 
angled Spherical Triangles DBR and 
CBR Right-angled at R, in the firſt of 
which DBR are given, the Hypothe- 

Aaaaz 


— 


As R: c, BD: :t,<D : ct, <DBR; that is 
As the Radius * — — 1. ooooocoo 


To the Co-: ſine of the Side or Hyp. BD=76-35-36=—9.365 2280 

So is the Tang. of the Angle at the Baſe D=34.15.027 9.83 30805 
To the Co- tang. of the Angle a: Baſe DBR=81-01.42{—9.1983085 

If from the Angle DBR in the 1ſt Triangle equal to 81 deg. o1 
min. 42 ſec. à, be taken the Angle DBC equal to 42 deg. 15 min. 
13 ſee. 3, becauſe the Perpendicular falls without the Triangle, there 
will remain the Angle at the Perpendicular CBR in the ſecond Tri- 
angle, equal to 38 deg. 46 min. 29 ſec. 3. | 

Wherefore, becauſe the Angle at the Perpendicular in the ſecond 
Triangle, is given to find the Hypothenuſe, it will be by the 64 
Caſe of Rightrangled Spherical Triangle, 

In the 1/# Triangle DBR, As cs, DBR: R: : t, BR: t, BD, And 

In the 2d Triangle CBR, As cs, CBR: R:: t, BR: t, CB. 

But becauſe the two middle Terms in each Propoportion are the 
ſame, let them be expunged, and the other two will be reciprocally 
proportional, by the 12th Cor. of the 15th Geom. Prop. of Part the 


1/t ; that is, - 
As cs, CBR: cs, DBR: : t, BD gt, CB; wherefore, 
erpendicu- : | | 


As the Co- ſine of CBR the Angle at the . * 
lar in the 2d Triangle 38.465,29 98918789 


. 


To the Co- ſine of DBR, the Angle at the Perpen- #3 
dicular in the 1/? Triangle=81.01.422 * 91929643 
So is the Tangent of the Side BD or Hypothenuſ 


in the 1ſt Triangle 76.3 5.36 1 10.6227730 


— 


To the Tangent of the Side BC or Hypothenuſe y 
in the 2d Triangle 40. oo. 102 — 2 99238584 


Or the Sides gc and DC may be inveſtigated directly, without 
letting fall the Perpendicular, by the help of the 5th 4x. as in the 
former Example, By 


Pas 2 * | 4 
By comparing the. two Examples together, it is 
the Perpendicular fall within the Triangle, the Angle at the Perpe 
dicular of the 1 Triangle, taken from the given Angle of the Tri- 
angle firſt given, will leave the Angle at the Perpendicular of the 2d 
Triangle. 25. $0. 2 
But if the Perpendicular falls without, then the Angle of the gi- 
ven Triangle, taken from the Angle at the Perpendicular of the 1ſt 
Triangle, will leave the Angle at thePerpendicular of the 2d Triangle. 
Ik the Angle at the Perpendicular of the ſecond Triangle be 
22 5 to the Angle at the Baſe of the 1ſt Triangle, the re- 


Idiſimilar 


quired Side will be ; 0 Fs > than a Quadrant. 


Rd 
er” . 
— 
* , - * 
2 


: 


greate 
Caſe IX. | | 
Given two Sides and the contained Angle; to find either of the 
oppoſite Angles. 
: Example 
In the Oblique-angled Spherical Triangle DCB 
'eBD= 76.35.36 


Are given, 4 <B= 42.15.1 fr req. . 


The Stereographic Solution. 


1. Having drawn the Primitive 8 
Circle AC EG, the Diameter AE, . 
and at Rignt- angles to it CG; ſet 
off the Chord of 40 deg. oo min 10 
ſec. the length of CB from C to B, 
and draw the Diameter BNand at 
Right angles to it FH. 


* 


2. Throꝰ the Point B draw the 
Great Circle BD N, forming an 
Angle DBC of 42 deg. 15 min. 13 | 
ſec, 3, equal to the Angle B, with 
hy * Circle CB, by Caſe the 34 of Problem the grh, of Section 


| | , 3. Lay 


evident, that if 
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3. Lay off 76 deg. 35 min, 36 ſec. the length of BD from Bto . 
in the N Circle BD, by Caſe the 3d of Problem the 6th, of 
Section the 2d. 
we 'Thro? the Points C and D draw the Great Circle CDG, by 
Problem the 1ſt of Section the 2d, and the thing is done; and the 
Angle at D may be meaſured by Caſe the 3d of Problem the 10th, 
of Seftion the 24. 
But to determine its 2 by Calculation. 
From C the Extremity ot the Side CB, Jet fall the Perpendiculat a 
CR, this Perpendicular becauſe it falls without the Triangle, will di- 
vide the Triangle DCB firſt given, into two Right- angled Spherical 
Tiangles DRB and BRC, Right-angled at R; in the firſt of which 
Triangles CRB are given, CB the Hypothenuſe equal to 40 deg, 
oo min. 10 ſec. and the Angle at the Baſe B equal to 42 deg. 15 min, 
13 ſec· z, whence to find the Baſe BR, it will be by the 2d Ex- 
ample of the 4th Caſe of Right-anghed Spherical Triangles. 


As the R: cs, CB: : t, BE: t, BR; that is, 
As the Radius — — m—— 1 0,0000000 


To the Co-fine of the Angle at the Baſe B=4.15.133—9.8693344 
So is the Tangent of the Hypothenuſe BC=40.00.10 9.9238563 


Ps. 1 


Tothe Tangent of the Baſe BR= 3 I+5 0.46 ——_—,, 1) 


If from the Side DB of the Triangle DCB, equal to 76 dep. 35 
min. 36 ſec. there be taken R the Baſe of the firſt Triangle, equal 
to 31 deg. 0 min. 46 ſec. becauſe the Perpendicular falls within the 
Triangle, there will remain the Baſe DR of the ſecond Triangle, e- 
qual to 44 deg. 44 min. Jo ſec. | | 

Wherefore becauſe the Baſe of the ſecond Triangle is given, to 
find the Angle at the Baſe, it will be by the 24 Caſe of Right-angled 

Spherical Triangles. _. —_ 
In the 1 Triangle BRC, As S. BR: R:; t, CR: t, B; And 

In the 2d Triangle DRC, As, S. DR: R: : t, CR: t, OD. 

But becauſe the two middle Terms in each Proportion are the 
ſame, they may be rejected, and the other two will be reciprocally 
proportional, by dhe 1256 Cor. of the 15th Geom. Prop. of Part the 
iſt ; that is, h bens 

, 9 
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As the 8. DR: S. BR: *t, : t. D. Wherefore, + 
As the Sine of DR the Baſe of the Lan T : 9 347 3605 


44.44.50 
To the S. of BR the Baſe of the 1/ Triangle; 1.50 46 9:7223373 


So is the Tangent of the Angle at the Baſe B of th 
1/t Triangle=42.15, I ——— — LJ 9-95 RP 
To the Tangent of the Angle at the Baſe D in the \ 
ſecond Triangle 34.15. 024 15 9.83 39797 


The ſame with the Angle CDB of the Triangle CDB required. 


The Angles at D and C may be dire&t y inveſtigated, by the help 
of the 4th Axiom of Section the 6th, without letting fall the Perpen- 
dicular CR. For, 

As S. 5D BC: S. # BD—DC : z et, <B: t,. *<s C=D; 
that is 


As the Sn of half the Sum of the two Sides BD and BC 7 99298247 


To the Sine of half their Difſerence= 18. 17. 43 . 
So is the Co- tangent of half the Angle Ba 1.07. 367 14529161 


o the Tangent of half the —— of the es 
C and D=43.40.384——- — . 99799429 
And . - | 
N cs BTC cs DBC ct, 1 t, 2 C; 
riß 


As the Co-ſine of halt the Sum of the Sides BD and? © 2» 
BC=58. 17.53 ä $9.720576x 


PIE —_ 


W * 9—— 22 


To the Co-ſine of half their Difference=18. 17.43—9. 9774737 
So is the Co- tang. of half the cont · < B=21-07. 361 1 104129561 


To the Tangent of half the Sum of the oppoſite 
eee eee feen 
— —— — 


* But 


192 
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But becauſe z<s C+D+$<3C=D=<C. 
It to half the Sum of the Angles C and D | a 75 55 oy 
Be added their half Difference 43 40 38 


The Sum will be the greater Angle BCD a é 121 36 20 
And becauſe 1 Vs C+ D—i<s C—D=<D- 


If from the half Sum of the Angles C and 9277 55 art 
Be taken their half Difference - — — 4 ; 


The Remainder will be the leſſer Angle CDB ——==34 15 02! 


— = 


—Y 


— 


Caſe IX. 
Exaniple 22 

Given two Sides and the contained Angle, to find either of the 
eppofite Angles ; that is 3 | 
In the Oblique-angled Spherical Triangle DCB 
5 ces 50.10.30 8 


Are ag g req. A. G 
CBS 40.00.10 


The Stereographic Solution. 
A | 1. Having {drawn the Primitive 
Þ _C Circle CEGA, the Diameter AE, and 
Þ SB. a e to it CG, ſet off the 
; \ Chord of 40 deg. oo min. 10 ſec. the 
| length of CB, from & to B, and draw 


| the Diameter B, fand at Right-angles 
* 20 E to it the Diameter AE. * 15 


2 22. Thro' the Point C draw the 
9 A Great Circle CDG forming an Angle 

=» "= EN, of 121 deg. 36 min, 20 ſec. equal to 
G the Angle at with the Primitive 
Circle 
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Circle by Caſe the third of Problem the ninth, of Section the 
nd, | p | 
_ Lay off 30 deg. 10 min. 30 ſec. the length of DC, from C to 
P, by Caſe the 3d of Problem the 6th of Section the 2d. | 

4+ Thro' the Points B and D draw the Great Circle BDN, by 
Caſe the zd of Problem the 1/t of Section the 2d, and the thing is done; 
ard the Angle at B may be meaſured by Caſe the 24 of Problem the 
10th, of Section the 2d. 

But to determine the Quantity by Calculation, 

Thro' one Extremity D of the given Side DC, let fall the Perpen- 
dicular DR, this Perpendicular, becauſe the Angles at the Baſe are 
diſſimilar, will fall without the Triangle, upon the Baſe BC pro- 
duced to R, and will form two Right-angled Spherical Triangles 
DRB and CRD, ene at R, in the firſt of which CRD are 
given, CD the Hypothenuſe, equal to 50 deg. 10 min. 30 ſec. the 


Angle at the Baſe C, equal to 58 deg. 23 min. 40 ſec. the Supple- 
ment of the Angle DCB, whence to find the Baſe CR, it will be 


by Caſe the 4th Example the ad, of Right-angled Spherical Triangles, 
As R: cs, C: : t, CD: t, CR; that is, ; 
As the Radius — — — ,0000000 


To the Co- ſine of the Angle at the Baſe C=58.23.490—9.71 03880 
So is the Tang. of the Hyp. or Side CD=50.10.30 10.0788818 


To the Tangent of the Baſe CR=32.08-50 —— —9.7982698 


The Baſe CR of the 1 Triangle CR, equal to 32 deg. os min. 
50 ſec, added to 40 deg. oo min. 10 ſec. the Side CB of the Triangle 
DCB (becauſe the Perpendicular falls without the Triangle). will 
give 72 deg. og min. oo ſec. for the BaſeBR of the ed Triangle BRD. 

Again, becauſe the Baſe BR of the 2d Triangle is given, to find 
the Angle at the Baſe B, it will be by the ad Caſe of Right-angled- 
Pherical Triangles, "4 | e 

In the 1ſt Triangle CR, As S. CR: R:: t, DR: t, SC. And 

In the 2d Triangle BRD, As S. BR: R:: t, DR: t, CB. 

But becauſe the two middle Terms in each Proportion are the 
ſame, they may be rejected; and the other two will be reciprocally 
proportional, by the 1 2th Cor. — 15 5th Geom. Prop. of Part the i 


: 


„ "Spherical Trigonometry. 
| ASS. BR: S. CR: : t. C t, QB; that is, 

e 8. ſe BR of the firſt Tri 
As the Sine of the Ba a _ ks of | 9:9785741 


272,09,00— 


To the Sine of the Baſe CR of the 2d Triangle; 2.08. 50—9:7259995 
So is the Tangent of the Angle at the Baſe C in 162508 
the 1ſt Triangle=58.23-40= — 2108865 


To the Tangent of the Angle B at the Baſe in the ſe-7 
cond Triangle 242 deg. 15 min. 13 ſec. 4 + 9-95 83029 


Or the Angle CBD of the Triangle DC B; which Angle at B 
becauſe the Baſe BR is leſs than a Quadrant, is ſimilar to the 
Angle DCR, and conſequently Acute. 

By comparing the two Examples together, it is evident, that if 
the Perpendicular falls within the Triangle as in the 1/# Example, the 
Baſe of the firſt Triangle taken from the Side of the Triangle firſt 
given, upon which the Perpendicular falls gives the Baſe of the ſecond 
Triangle. | | 

For BD—BR=DR, but if the Perpendicular falls without the 
Triangle as in the 2d Example, then the Side of the given Triangle 
upon which the Perpendicular falls, taken from the Baſe of the fir 
Triangle, will give the Baſe of the ſecond Triangle; for BC--CR 
BR. | | | 


— 


* 


If the Baſe of the firſ Triangle 3 than the Side of 


the given Triangle upon which the Perpendicular falls, then the An- 
gle oppoſite to the Perpendicular ſhall bez -.:- ur $to the Angle 
given; that ig, if the Side BD as in the 1½ Example, be greater than 
the Baſe BR, the Angle at O will be ſimilar co the Angle at B, but 
if the Baſe BR be greater than the given Side BC as in the ſecond 
Example, then the Angle at D will be diſſimilar to the Angle at J. 


Caſe Xx. 
Given two Sides and the contained Angle; to find the third 


Side. | 
| % | Example 


> em c Wm a .2nO0n com aa 


+ 


\ 
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Example | | 
In the Oblique-angled Spherical Triangle DCB 
BD = 76.35.36 
Are given, ) < B= 42.15.7134 6 req. DC. 
'* BC= 40.00.10 
The Stereographic Solution. 
2 This Caſe is Con 5 rar the C 
me manner as the 9th Caſe, and the . 
Side DC may be meaſured by Caſe the Fo 18 B 
zd of Prob. the 7th, of Set. the 2d. D : 
But to determine the Length by KC 
Calculation, | \ Aft — 
From C the End of the given 7 : k 
Side CB, let fall the Perpendicular | 9 
N A 


78 


CR, this Perpendicular becauſe it falls 
within, will divide the Oblique- angled 
Triangle firſt given, into two Right- G 
angle d Spherical Triangles BRC and * 
DRC Right-angled at R, in the firſt of which BRC are given, CB 
the Hypothenuſe, equal to 40 deg. oo min. 10 ſec. the Angle B the 
Angie at the Baſe, equal to 42 deg. 15 min: 13 ſec. 4, whence to 
find the Baſe BR, it will be by the 24 Example of the 4th Caſe of 
Right-angled Spherical Triangles. 
As R: cs, CB: :t, BC: t, BR; that is, 

As the Radius — — 10. oo | 
To the Co-ſine of the Angle at the Baſe B=42.15.134 9.869344 

So is the Tangent of the Hypothenuſe BC=40.00.10 9.9238563 
To the Tangent of the Baſe BR=3 1-50.46 ————9.7931907 

If from DB the Side of the given Triangle equal to 76 deg. 35 
min. 36 {ec- upon which the Perpendicular falls, be taken the Baſe 
BR of the firſt Triangle, equal to 3 1 deg. 350 min. 46 ſec, there will 
remain the Baſe DR of the 2d Triangle, equal to 44 deg. 44 min- 


5olec. | 
Wherefore, becauſe the Baſe of the 2d Triangle DRC is given 
to find the Hypothenuſe, it will be by Caſe the 1ſt of Right-angled 
ShericalyTriangles, 
In the rt Triangle BRC, As R: cs, CR: : cs, BR: cs, BC, And 
In the 24 Triangle DRC, As — ? a CR: : cs, DR: cs, DC. 
| | 2 


- 
— 
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Wherefore becauſe therwo firſt Terms in each Proportion are the 
ſame, the other two will be directly proportional, by the 1 1th Cor. of 
the 15th Geom Prob. of Section. the 2d; that is, 
As cs, BR: — — — * = 8 that is 
e Co- ſine of the Bale BR of the 1/f Triangle 
1 2 eee ere a ti muy 9:9291472 
ſine of the Baſe DR of the 2d Triangle 3 at 
Tn aunts Er} Dr x > 98513926 
So is the Co-ſine of the Hypothennſe BC of the * 
1/t Triangle 40. oo. 10 — — 
To the Co-fine of the Hypothenuſe DC of the 2d Tri- 
bi angle 50. 10. 30 — — 
Or the Side DC of the Triangle DCB. 
4 The Side DC might have been found by the help of the 3d and 
| ath Axioms of Section the 6th, without letting fall the Perpendicu- 
lar CR. ain, 5 
For having found the Angle at D or C by the 4th Axiom, the 
Side DC might have been found by the 3d Axiom, 


Caſe X. 
Example 2. 


. 1 Given two Sides and the Angle contained , to find the third Side; 
2 that 18 
. In the Oblique-angled Spherical Triangle DCB 
| "FF DC= 50.10.30 . 
Are beg Je ust eo Frs DB. 
BC 400.10 


9.8842363 


5 9.806481) 


mm 


* 


| . R * 5 0 a 
by F <<) E The Stereographic Solution: 
8 , This Caſe is Conſtructed after the 
| y ſame manner as the 2d Example of 
A, —E the gth Caſe, and the Side DB may 


be meaſured by Caſe the 3d of Pm. 


E 7 blem the 7th, of Section the N. 
| „ 20 
” oO | But 
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But to determine the Length by Calculation, 4 

From B the Extremity of the given Side BC, let fall the Perpen 
dicular BR, this Perpendicular becauſe it falls without the Triangle, 
will form two Right-angled Spherical Triangles DBR and 
CRD Right-angled at*R, in the firſt of which BRC are given, BC 
the Hypothenuſe, equal to 40 deg. oo min. 10 ſec. the Angle C at 
the Baſe equal to 58 deg. 23 min. 40.ſec. the Supplement of the 
Angle DCB, whence to find the Baſe CR, it will be by Caſe the 4th 
Example the zd, of Section the 2d ot Right-angled Spherical Triangles, 
As R: cs, C: :t,CB:t,CR ; that is, 
As the Radius — ———-— —_— _ — 10.0000000 


„ — 


8 "ns 1 
To the Co- ſine of the Angle at the Baſe C 58.23.40 9. 7193880 
So is the Tang. of the Hypoth. Side CB o. oo. 109.9238563 


To the Tangent of the Baſe CR=23.44.217————9.6432443 


The Baſe CR equal to 23 deg. 44 min. 21 ſec. 3, added to the 
Side DC equal to 50 deg. 10 min. 30 ſec. gives 73 deg. 54 min. 5 
ſec. 2, for the Length of the Baſe DC of the 2d Triangle, (becauſe 
the Perpendicular falls within the Triangle.) 

And becauſe the Baſe BC of the 24 Triangle is given, to find the 
Hy it will be by Caſe the 1ſ½ of Right-angled Spherical 

riangies,” ? | : 1 
In the 1½ Triangle BRC, As R : es, BR: : cs, CR: c, CB, And 

In the 24 Triangle DBR, As R: cs BR Ss, DR : cs, DB. 

But becauſe the two firſt Terms in each Proportion are the ſame, 
they may be rejected; and the others will be directly proportional, 
by the 11th Cor. of the 15h Geom. Prop. of Part the 1/t; that is, 

As cs, CR: cs, DR:: cs, CB: cs, DB; wherefore, 
As the Co- ſine of the Baſe CR of the 10. Triangle c 
| — > 5 EPs . Cote gta 9.961604, 


=3 3.44˙214—— — 


To the Co- ine of the Baſe DR of the 2d Triangle 
80 lathe: Co-tine of the Hardin eee] Poa 
is the Co- ſine of the Hypothenuſe C of the firſt ? 
a bee J firſts 9.8842363 


Triangle=40.00.10 —— 
— | b | Th © p 
To the Co-ſine of the Hyp.DB of the 2d Tri.=76.45.36 9:3652271 
nap w— 
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Or the Side DB, required of the Triangle DGB. 

The Perpendicular BR might have been let fall from the Point D 
and the Operation would have been the ſame, only changing C B 
for CD: b | 

By comparing the two Examples together, «it is evident, that if 
the Perpendicular falls within the Triangle as in the 1ſ½ Example, the 
Baſe of the 1ſt Triangle taken from the Side of the Triangle DCB, 
upon which the Perpendicular-falls, will give the Baſe of the 24 Tri. 
angle; for DB—BR=DR. 3 | 

But if the Perpendicular fall without the Triangle, as in the 
24. Example, then the Side of the Triangle DCB upon which the 
Perpendicular falls, added to the Baſe of the firſt Triangle, will 
give the Baſe of the ſecond Triangje. For DC+CR=DR. 


Ik the Baſe of the 2d Triangle bez 3 "A * to the Perpendi- 
cular, or its 2 given Angle, then ſhall the required Side be 
accordingly 3 — er > than a Quadrant. - 

+» Cafe XI. | 

Given the three Sides,” to find either of the Angles. 

| Example. 
In the Oblique-angled Spherical Triangle DCB, 
Are given 


— 


1. Having drawn the Primitive Circle Ac EG, the Diameter 
AE, and at Right-angles to it CG, ſet off the Chord of 40 deg. oo 
min. 10 ſec, the length of M from B to C, and draw the Diame- 
ter BN, and at Right- angles to it FH, | 

2. About the Point B as a Pole,deſcribe a Small Circle ab, at 
the diſtance of 76 deg. 35 min. 36 ſec- the length of the Side BD, 
by Cafe the 24 of Problem the 4th, of Section the 2d. ak 

3 


* LY 


Spherical Trigonometry. 

. About the Point C as a Pole, 
def:ribba Small Circle as fm, at the 
diſtance of 50 deg. 10 min. 3o ſec. 
the length of the Side CD, by Caſe 
the 2d of Problem the 4th, of Section 
the 2d. 


4. Thco' the Interſection D of the 
Parallels, ab and am and the PointsB _ 
and Cdrawtwo Great Circles B | 
and CDG, by Caſe zd of Prob. the G pF» 
1/2 of Seftion the 24, and the thing is . * 9 
done; andthe Angle at B may be meaſured by Caſe the 2d, of Prob. 
the roth, of SefFion the 2d. * "We 04 

But to determine its Lengtł hy Calculation. 

Having let fall the Perpendicular CR it will be, 

1. By Axiom the 6th of Sect. the 6th, As t, BD : t, BGB:: 
t. DC—CB: t, DR RC; that is, 1 1 
As the Tangent of the half Baſe BD=38. 17. 48 9.89743 90 


To the Tangent of half the Sum of the two Sides 
DC and C345. 05. o(' üͤĩ“t — I 10.0013475 


So is the Tangent of half their Difference=o5.05.10——8.9494058 


at. dt 2 


To the Tangent of half the Difference of the Seg- L * 
ments DR and RCS 6.27. 23.ͤĩäĩß1ꝝꝑ9é᷑ꝑßẽk.2f. 9800533143 


This half Difference of the Segmentsequal to 62 deg. 27 min. 2 ſec. 
ſubſtracted from the half Sum, equal to half the DD equal to 
38 deg. 17 min. 48 ſec. (becauſe the Perpendicular CR falls without 
the Triangle) will leave 31 deg. 30 min. 46 ſec. for the leſſer Segment 
CR, or Baſe of the Triangle CK B. " * 

And becauſe in the Right- angled Spherical Triangle CRB there 
are given, the Hy pothenuſe CB equal to 40 deg. o mm. ro ſec. and 
— — r 50 min. we wilt be to find the 

ngle at eB, he 2d Example of the. r2th Ca ] 
angled Spherical Triangle? de 26 Example of the: rat Caſe of Right- 


et A. ee 


þ | | 


As 
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I * 2 R: ct, BC: :t, CR: cs, CB; that is, 
As the Radins OT: my —— 100000000 


| : * 
To the Co tang. of the Hyp. or Side BC==40.00,10—10:0761437 
So is the Tangent of the Baſe CR 31.50.46 ———9.793 1907 


_ 


To the Co- ſine of the Angle B at the Baſe 42. 15. 131—9· 8693 244 


Or the Angle B ofthe Triangle DCB. > 
But the half Difference of theSegments DR and RB, equal to 
6 deg. 27 min. 02 ſec. added to half their Sum equal to half DB, e- 
qual to 38 deg; 17 min. 48 ſec. will gie the greater Segment DR 
44 dg. 44 min. 50 ſec. whence to find the Angle at D, becauſe the 
Hypothenuſe DC equal to 50 deg. 10 min. 30 ſec. and the Baſe BR, 
equal to 44 deg- 44 min. 50 ſec. in the Right-angled Spherical Tri- 
angle DCR are given, it will be by the 2d Example of the 12th Caſe 
of Right-angled Spherical Triangles, ; 
As R; ct, DC:: t, DR: cs, OD; that is, 
As the Radius 0. ooo 


- 


— — — 


To the Co- tang. of the Hyp. or Side DC=50-10. 30—9.9211182 
So is the Tang. of the Baſe or Segment BR=44-44-50 9.9961679 


| To the-Co-ſine of the Angle at the Baſe D=34.151023—9- 9172861 


Or the Angle D of the 1 DCB. 
| ain, 

2. If from D one Extremity of Ga Side DB, a Perpendicular as 
DR, be let fall upon the Side BC produced to R, it will be by Ax. 
the 6th of SefF, the 6th. 155 A 

As t, 3 BC: t, * BD--DC : : t, DB--DC : t,BR4+RC ; that is, 

As the Tangent of half the Baſe BC=20-00.05 2 9.56 10979 


_—— — 


To the T. of the q Sum of the Sides DB & DC=63.23.3 10-3000694 
So is the T. of + Dif. of the Sides DB & DC=13.12.33 9.3705443 


To the T.of i theBlies or Seg, BR and RC=52.8.55 10.2095157 


If 
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If to half the Sum of the Baſes or ent BR and RC equal 
to 52 deg. 08 min, 55 ſec. be added hal the Baſe BC equal to 20 
deg. oo min. o5 ſec. the Sum 72 deg 9g min. oo ſec. will give the 
greater Baſe BR, whence to find the Angle B, becauſe in the Right- 
angled Spherical Triangle DRB Right-angled at R, are given DB 
the Hypothenuſe, equal to 76 deg. 35 min. 36 ſec. and the Baſe BR 
equal to 72 deg. 09 min. oo ſec. it will be by the 24 Example of the 
12th Caſe of Right-angled Spherical Triangles, . 
As R: ct, DB:: t, BR: cs, B; that is, 
As tlie Radius x⁊ꝗͥ 310.0000000 


To the Co-tang. of the Hyp. or Side DB 96.35. 36 = 9.3772 270 
So is the Tangent of the Baſe BR=72.09.00 10.492 1067 


To the Co-ſine of the Angle at the Baſe B=34.15. I 3 9.86933 37 


The ſame with the Angle B of the Triangle DCB. 

Again, if from half the Sum of the Baſes or Segments BR and CR, 
equal to 52 deg. 08 min. 55 ſec. be taken the halt of the Baſe BC, e- 
qual to 20 deg. oo min. os ſec, there will remain 32 deg. o8 min. 
50 ſec. for. the length of the Baſe CR of the Triangle CRD, whence 
to find the Angle at C, it will be (becauſe the Hypothenuſe DC. is 
equal to 50 deg. 10 min, 30 ſec, and the Baſe CR equal to 32 deg- 
os min. 50 ſec. by the 24 Example of the 12th Caſe of Right-angled 
Spherical Triangles, F d niet | 

| As R: ct, CD:: t, CR: SC; that is, ; 
As the Radius * — — — 10,0000000 


the Co- t of the H: i 2 
3 of the Hy pothenuſe or Side CD 5 99211182 


So is the Tang. of the Baſe or Segment CRS 3 2.08.50 9. 7982698 
To the Co- ſine of the Angle at the Baſe C58. 23.40 97193880 


Whoſe Supplement to a Semicircle 121 deg. 36 min. 20 ſec. is 
the Angle C of the Triangle DCB required. 3 | 


| Again, | 
3. Becauſe by the 2d Cor. of the 7th Axiom, of Seftion the 6th. 


the S.BCXS.BD : Rg: : 8.22 43500. D. R/. —— 


BC: Sq, 1 <B, it will be, 


— c 


Ce ce As 


4862 3 Tyigonometry. 
As the product · oft the Sine of the Sides BC & BD. 9:7960g; 933 


To the Square of the Ridins— — Dd CA Roden 
So is the Product of the &. of the ? Sum of 5 1 : 
Sides leflened by each of the containing Sides 18.909745 2 


To the Square of the Sine of half the cont. <B=—194113651 


| The half of which Square wilde. W 9-5568259 | 


The Sine of 21 deg. 07 min 56 ſec 4, which being doubled gives 
42 deg. 15 min. 13 ſec. 5, for or Angle DBC required. 
gain, 
4. Becauſe by the 34 Cor. of — 7th Hxiom, of the 6th Sei. 


'F SBG 5 = Z—BCxS. Z =$q YB. 
To the Arith. Complement of the Sine of BC=40.00.ro o. 1919074 


Add the Arith. Compl. of the Sine of BD 76.35. 36 —0.01 19993 
Alſo the Sine of the half Sum leſſened by BC 43. 22.58 9:8368740 
And the Sine of the half Sum leſſened by BD=6.47.42—g. 0728712 


| 2 — — — 
Half the Sum vel an oe — — ——19. 1136519 
Will be =—————— — —95 56852 


The Sine af 21 deg. 07 min. 36 ſec. , which —_— doubled gives 
42 deg. 15 min. 1 13 ſec 75 for 1 Angle DEC required. 


gam 
5. Becauſe by _the 7 cor. of the 2 Alon of Section the 6th, 
IT 8 BCxS. BL $q2z<B.; 
15 the Radius 


To the Sine of one of the cont. Sides BC 40.00.10 9. 8080926 
So is the Sine of the other cont. Side BD=76.35-36—9.9880007 


— — — 


Ton fourth f . 


— : — d 


As ' 
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As the fourth Sine . —9.7960933 
To the Sine of the half Sum lefſcned by 5042 22. 50 9.8368740 
80 is the Sine of the half Sum leflened by BD=6. 47.32—9. 072871 1 
To 2 Seyenth Sine — — ——— 9.11365 19 
To which add the Radius — - 10.0000000 
| - 191136519 

Half that fon will be — - * ——— TIN 5568259, 


The Sine of 21 deg, 07 min: 36 ſee, i 96 half of the Angle B. 
which being therefore. — gives Lin deg. 15 min. 13 leg. , for 
the Angle at B required. pe 0 

ain,” 


6: Becauſe by the 3d Cor. of the '8+h Axiom of Klin the 6th, 
8. BC+BD {DC RS d 


the 8. BCS. BD: Rq :: — 

DG: e. SB; it will be, 

As the P he Sines of the two Sides BC& BD,, 19.960933 
To the Bo of the Radius -20-0000000 


So is the Prod. of the Sines of the 3 Sum of the three ? p 
Sides and their 4 Sum. leſſened by the Side oppoſite 1 735. 1 


To che Square of the Co-ſine of half che Angle B—1993s 95639 
The half of which Square will be ————— 9. 9697814 


The. Co-line of 21 deg. 07 Min. 26ec, 5, which being! doubled 
gives 42 deg. 15 min. 13 4, far hs Angle DBC required. 


gain, 
Beate by heads 55 « 6 8h Axiom, of Seftion the 6th 
DC- EBC | 
8208 28. xs, HP _pc= 
S * nes e 4 Wh eee 


Cccc 3 | To 
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To the Arith- Compl. of the Sine of BC=40.06.10 o. 1919004 
Add the Arith. Comp. of the Sine BD=76.35,36 — 0 0119993 


Alſo the Sine of the halt Sum=83.23.08 —9.9970996 
And the Sine of the halt Sum leſſened by DC=33.12-38 9.7385 566 


Half the Sum of theſe four Sine > 19.9395629 


Will be — — 9. 9697814 
The Co- ſine of 21 deg. 07 min. 36 ſec. 5, which being doubled 
gives 42 deg, 15 min. 13 ſec. 5, = the Angle DBCrequired. 
ain, 
- 8. Becauſe bythe 52h Cor. of the 8:h Axiom, of Section the 61h, 


the: . BD .; — oo. 
L ; | 

ESD; it will be . 

As the Radius. 10 0000000 


To a fourth Sine equal to — 97960933 


— —— — 


n 


— 
2 — 


| To aſeventh Sine 8 — 19.93 86629 
To which add the Radius —··Ä̃⁊ͥ·Vã 10. 0000000 
Half that Sum | — — — — 19 9386629 

WI ge ———r5ĩj˙ — 9.964 


The Co- ine of 21 deg. 07 min. 36 ſec. 4, which being doubled 
gives att 15 min. 13 ſec. 4, forthe Quantity of the Angle DBC 
x" wal 5 


. * 


| Again, 
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Again, 
£ Becavle by the roth Cor, of the 8th Axiom of Section the 6th, . 


2 * LY XS. AXS. E=tg, 2 2 D. 


70 "the Arith. Comp. of the Sine of half the Sum of 
the three Sides 83.23.08 
Add the Arith. Compl. of half the Sum of the three 
Sides leflened by the Side oppoſite 3 3.1 2. ene 2614434 
Alſo the Sine of the half Sum of the three Sides leſ- $268 
ſened by one of the containing Sides=4 3.2 2. 589 a deb. 
And the Sine of the halt Sum leſſened — the other \ 18 
containing Side 6.47.32 — 97971. 


o. oo 


8 — — 


ice e TO NT AE — — 19.740890 
Will be- * 1 — — —9-5870445 


The Tangent of 21 deg. 07 min. 36 ſec. n, which bei doubled | 
will give the Angle at B equal to 42 deg. 15 min. 13 ſec. . 


Again, 
10. Becauſe by the 22th Cor. of the 875 Axiom, of Section the 6th, 


the C262, &. A:: S. E: 3 will be 
As the Radius — 2 —=10:0000000 


To the S. of half the Sum of the tha Sides 3 23 08 9 9970996 
So is the dine af the half Sum leſſened by DC 33.12. 38 9. 28550 


To a fourth Sine — — — —— 2e: 


—_ 
© ww «+ 


As the fourth Sine: — — — NP 8 -9:735 6562 


To the Sine of the half Sum leſſened by one of the 

containing Sides BC 43. 22.58. 

So is the Sine of the halt Sum leſſened by the other 
containing Side DB=6.47.32 ————— 


9. 3368740 


45 9. 0728712 


Toa ſeventh Sine .. 9. 1740 


— — = 
Ta 


— 


wi " Spherical — 


To which add the Radius ——— — - 10 0000009 
Half that Sum ͤĩͤũ„ñüÿF·:r WT 1740890 
Will be ———— RE ner > + 3 ye — — 0 


The Tangent of 21 deg. 07 min. 36 ſec, , the half of the required 
Angle B equal to 42 deg 15 — 2 13 ſec. 4 

Again, 
11. Becauſe by the 13th Cor. of the 8th Axiom, of Serin the 61h, 


the 8 2; r. Zus. c ti L DB. 


To be Arn. Comp. ot the 8. of + the Sum of the three? 
Sides leſſened by one of the cont. Sides BC=43.2 2:58 0.1631260 
the Arith. Coo. of the S. of the; Sum of the three 
Sides leſſened by the other cont. SideBD=6.47.42 9.9 71288 
Alſo the S. of the half Sum of the three Sides 83. 23. 08 9-9970996 
And the S. of the half Sum leſſened So CD=33.12.38—9.7385566 


—— — 


Half che Sum of theſe four Sines - 2 A — 36, 8259110 
Will be— 9 — 3 3 4129555 
The 8 of 21.7.3645 half the contained Angle B required 
San 7: 
I _ Becauſe FEAT. Me 1475 Cor. of the 8th Axiom of Km, the 6t), 
the ==; 8, 2 8 be 
As the Radius —ä 10 -0000000 
* 8 8 259 — of m — ol leffened: byz 3 2 8 j 155700 40 
So is the Sine of the ? Sum leſſened by the Side BD N 871 
3 9-0738712 
Ws rk rm nn art apr 


„ — ——_—_—_—_—_—_— 
4 TC 8 Y . 
. 
— * - * 1 
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As the fourth dine kͥ —— 8.997472 


To the 8. of half the Sum of the three Sides 83. 23.08 9.99996 
So is the Sine of the half Sum leſſened by DC 33.12 38 9.738566 


— — 


To a ſeventh Sine * — — 10.825910 
To which add the Radius 10.0000000 
Half that Sum ———————_—— 20259110 


The Co- ſine of 21 deg- o/ min. 36ſec. x, the half of the Angle 
DBCjequal to 42 deg. 15 min. 13 ſec. 4 required. 


Cale XII. ? 


Given the three Angles, to find either of the Sides. 
46M Example | | 


In the Qblique-angled Spherical Triangle DCB 
a Te 182 42.15.134 
Are gre Cm 121.3620 © req. BG. 
| <D= 34-15.024 J, 
The Sterzographic Solution. © 
1. Having drawn the Primitive 
Circle. CAGE, the Diameter AE, 
and at Right-angles to it the Dia- 
meter CG ; thro” the Point C draw 
the Great Circle CDG, forming an 
Angle of 141 deg. 36 min--20 fec, 
equal to the Angle C with the Primitive 
Cirele, by Caſe the 3d of Prob. the geh, 
ol ect. the 2d, and find the Pole P by 
Caſe the 3d of Prob. 3d of Sect. the 2d. "I. 
2. About the Pole p deſeribe a a 0 G 
_ Circle pg, 2 = diſfance-of | . k 
« 34 deg. 15 min. oa ſec. i, equał to the Quantity of the Angle D, b 
Caſe the 3d of vrai em tho , of Seftion the 4 
; © | | | 3- About | 
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3. About the Center of the Primitive Circle deſcribe a Small MW 25 


Circle, at the diſtance of 58 deg. 23 min. 40 ſec. the Supplement orf M pi 


the Angle at C, by Caſe the 1ft of Prob. the 4th, of Set. the 24 
where this interſects the former Parallel as in 3, will give the Ces. 
ter of the Circle to be drawn. Wherefore, th 
4. Thro' rhe Interſecuon 4 having drawn the Diameter FH, and 
at-Right-angles to it BN, about the Point gas a Pole, deſcribe the 
Great Circle BDN, by Caſe the 3d of Problem the 24 of Section the 
24; or thro the Point B draw tlie Great Circle BDN, forming an 


Angle of 42 deg. 15 min. 13 ſec. z, equal to the AngleB with the Pri. gl 
mitive Circle CBE, by Cafe the 3d of Problem the 9th, of Section the WM the 
2d, and the thing is done ; and the Side BC may be meaſured by the it 
Line of Chords. 4 5 an 
It has been ſhewn in the 3d and 67h Sections, that if the Pole; 
o, p, and 9, of the Circles CB, CD, and DB, be connected toge. 
ther by Arches of Great Circles op, p Fe and 9 o, that the Triangle 
- 0Pq which is called the Supplemental Triangle, will have its Sides Te 
09, pq equal to the Angles B and D, and the third Side o p equal to | 
the Supplement of the Angle C of the Triangle BCD ; alſo the An- 
gles q 0 p, and qpo, equal to the Sides BD and DC, and the third T 
Angle og p, equal to the Sup. of the Side BD. Wherefore, , 
Having let fall the Perpendicular qr &C, it will be by Axion the 
6th of Section the 6th, | 2 f 
As (t, $0p=) Sup · Cet, (4 0 9+9p=) 4<sBFD : t, (e- nc 
qp=i <s B-D : t, (+0 r—rp=) 3 c,  BCR—$c, R= Ov 
DCR—BCR;; that is, FY DC 
As the Co-tangent of half the Angle C=60:48.10 —9.9472700 Rit 
To the T. of? the Sum of the Angles D and B=38.15.8 9.896746; 
So is the Tangent of? the Difference of the Angles 8.84480 Ml 
B and D=04.00.05z whe Fea. x. "P4400 To 
To the Tang: of 3 or- p=# Xs DCR—BCR, or a} | 
4th Arch=5.38.11 We [Se RCs Lk WY 8.994270 To 
The 4th Arch 5 deg. 38 min. 11 ſec· added to half op, equal to 
balf the Supplement of the Angle at C, equal to 29 deg. 11 min the 


50 ſec. will give 34 deg. 50 min. or ſec. the Complement of 55 deg, 


og min. 59 ſec, the Angle BCR, but taken from halt op oe 
| | 29 0G 
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29 deg. 11 min. 50 ſec. will leave 23 deg. 33 min. 39 ſec. the Com- 
plement of 66 deg. 26 min. 21 ſec. for the Angle DCR. 


of 

The ſame 4th Arch added to 60 deg. 48 min. 10 ſec. the half of, 
the Angle at C, will give 66 deg. 26 min. 2 1 ſec. for the Angle DC R. 
But taken from 60 deg. 48 min. 10 ſec. will leave 55 deg. 9 min. 
59 ſec. for the Meaſure of the Angle BCR ; whence to find the Side 


BC. | | 
Becauſe in the Spherical Triangle BRC Right-angled at R, are 

ziven, the Angle at the Baſe B equal to 42 deg. 15 min. 13 ſec. 3, and 

the Angle at the Perpendicular BCR equal to 55 deg. og min. 5 ſec. 

it will be to find the Hypothenuſe BC, by Caſe the 15th of Right- 

angled Spherical Triangles, | 

As R: ct, B:: ct, BCR : cs, BC; that is, 
As the Radius — - 19.0000000 


To the Co-tang. of the Angle at the Baſe B42. 15. 134 10-0416977 ůD 
So is the Co-tangent of the Angle at the Perpen- 3 FN 
dicular BCR=55.09.59 r ss 
To the Co-ſine of the Hyp. or Side BC=40.00. 10——9.8842363 
Again, 

If the Side DC were required, becauſe in the Spherical Triangle 
DCR Right-angled at R, are given, the Angle at the Baſe D equal 
to 34 deg. 15 min. 02 ſec. z, and the Angle at the Perpendicular 
DCR equal to 66 deg. 26 min. 2 x ſec. it will be by Caſe the 15th of 
Right-angled Spherical Triangles, to find the Hypothenuſe DC. | 

As R: ct, MD: : ct, DCR: cs, DC; that is, | 

As the Radius — — —— 19,0000000 | 


To the Co- tang. of the Angle at the Baſe D 34. 15.021 10.1669195 + 
So is the Co- tang. of the Ang. at Perp. OCR 66.26.21 9.6395617 . 


To the Co- ſine of the Hyp. or Side DC= 50. 10.309. 80648 12 6 


"4 Again, R 
2. Having drawn the Perpendicular r 0D Rit will be by Axiom. 
che 6th of Sektion the 6th, , 
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As (t, + 9p=) t, 1 <CDB: (t op Fog=)t, Sup. CTB: 


— — — 


(z E=) x Sup. <C—<B : (t, 2pr+rq=) Comp. + s 


RDB RLC; that is, 
As the Tang. of half the Angle C DBS 17.07.31 —— 9.488727, 


— — — — 


To the T. of half the Sup. of <C + <B= 50.19.26T 10.0811801 
So is the Tang. ot half the Sup. of TC—<BS8.o4. 134. g.1516568 


—— —ñ “.T— 


To the Tangent of halt p r +r q=the Comp. of half 


the Angles RDB and RDC= 29.01, 12g —— 2 9.744 1095 


This therefore added to 17 deg: 07 min. 3 1 ſec. + the half of 2 
will give 46 deg. o8 min. 43 ſec. 2, the Complement of 43 deg, 


52 min. 16 ſec + the Length of pz, the Meaſure of the Angle RD. 


durt leſſened by 17 deg- 07 min. 31 ſec. +, will leave 11 deg. 53 min. 
40 ſec. J, the Complement of 78 deg. os min. 19 ſec. 5, equal to 
the Length of q z the Meaſure of the Angle RDB. And 
lf to cr the half Sum of the Angles RDB and RDC so deg. 58 
min. 47 ſec. 7, the Complement of 29 deg. o min. 12 ſec. 2, be ad- 
ded the half of the Angle CDB equal to 17 deg. o min. 31 ſec. 4, 
the Sum 78 deg. 06 min. 19 min. à will be the Angle BDR; but 
the half of the Angle CD equal to 17 deg. o/ min. 3 f ſec· , taken 
from 60 deg. 58 min. 47 ſec. v, will leave 43 deg- 51 min. 16 ſec + 
for the Angle CDR; whence to find DB. 2 | 
+. - Becauſe in the Spherical Triangle RDB Right-angled at R arc 
given, the Angle at the Baſe B equal to 42 deg- 15 min. 13 ſec- 5, 
the Angle at the Perpendicular BDR equal to 78 deg. 06 min. 19 
ec. 5, it will be by the 15th Cafe of Right-angled Spherical Triangles, 
to find the Hypothenufe DBS. CS. = 
. As R: ct, B: : ct, DRB: cs, DB; that is. 
To the Co- tang· of the Ang. at the BaſeB=42.15-135 100416971 
So is the Co- tang. of the Ang. at the Perp· DRS 78.6. 191 9.32353 16 


72 To the Co; ſine of the Hyp- or Side 3D =76. 35.369. 3652287 


: Again, is 8 
To find the Side DC, becauſe in the Right: angled Spherical Tri- 
angle CDR Right-angled at R, are given, the Angle at the Bale 0 
2 equa 


. 
47 


5p TR 


y P tage; 7 bay 
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and the Angle at the Perpendicular CDR equal to 43 deg. 51 min. 
16 ſec. 2, it will be by the 15 Caſe of Right-angled Spherical Tri- 


angles, : | 
As R: ct, C: : ct, DR: cs, CD; that is, 


As the Radius ü ͤ (. -— —- --- - 10.0000000 


To the Co-tang. of the Ang. at the BaſeC=58,23.40—9-7891135 


So is the Co-tang: of the Ang: atPerp. CDR 43.5 1. 161 10.0173682 


To the Co- ſine of the Hyp- or Side DC=50.10-30 —9-80648 17 
Again, — — 

3. Becauſe by the 9th Axiom of Section the 6th, the 8. Sup. < C 
N: 

Sup. C. 2 . Ders. Sup. C 


211 
equal to 58 deg. 23 min. 40 ſec. the Supplement of the Angle BCD, . 


7 | 1 A 


2 
As the Product of the Sines of the Angles C and B—19.7579114 


7 


To the Square of the Radius ————- 2000000 
So is the Prod. of the Sines of the half Sum of the three 56 
Angles leflened by each of the adjacent Sides TS tas... 


To the Sq of the Sine of half the interjacent Side BC—19.0681619 


The half of which Square will be ————9.5 408098 
The Sine of 20 deg. oo min. os ſec. which being doubled gives 


40 deg. oo min, 10 for the Length of the Side BC. 
| Again, | 


4. Becauſe by the 3d Cor. of Axiom the 9th of Section the 6th, 


R R « IE. | 
the S. Jup. C "SER * 8. Z—Sup.<CxS. Z =S + BC.” 


To the Arith. Comp. of the 8. of the Ang. C121. 36· 20 0-0697256 
Add the Arith. Comp. of the S. of the Ang. B42. 15.134 0. 1723630 


Alſo the S. of the half Sum of the three Angles leſſened 5 3196916 


by one of the adjacent 22 ſuppoſe C=9g-03.18— 
And the S. of the 3 Sum leſſened by the other adjacent Lg 629110 


Angle B=25-11-444 = — —— 


Dddd⸗ Haic . 
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Half the Sum of theſe four Sine 


The Sine of 20 deg · oo min. 05 ſec. which being doubled gives 
40 deg. oo min. 10 ſec. for hy Side BC required. | 
gain, 
5, Becauſe by the 42h Cor. of Axiom the 1th, of Section the 61h, 


The Sup. Soy. = :S, Z— Sup. : S.Z— [B 8 
As the Radius — . 10.0000000 
To the Sine of the Angle C=121.36.20: — A -9.9302744 

So is the Sine of the Angle at B=42.15.135— 9.82763 70 
To a fourth Sine — 63. REYP 
As the fourth Sine — = — — — 955704 


To the S. of the half Sum leſſened by Sup-· Ang: C9. 3.18 9.196956; 
So is the Sine of the half Sum leſſened by the Angle 6 
F > 9-6291170 


To which add the Radius x; Ef 


— —  Q ——_ 


Half that Sum —— —— ——— — ——— ——— 190681619 


— — 


Will give ——— — ——— — 9.40 


—— ä D—ů 


The Sine of 20 deg oo min. oß ſec. the half of the Side BC, which 
being therefore doubled will give the Side BE-40.00. 10. 
2; | gain, | 5 
6-. Becauſe by the 1025 — of Section the 6th, the 8. Sup. <C 
X8. <B: Ng: 8. LS 7 DISC 2 NN up. 


XY. 22 — 
n: £59, Ac; it will be, 


| 2. 


— o 
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As the Prod. of the Sines of the Ang. C & B 1979114 | 


To the Square of the Radius. —— — 20.0000000 
So is the Prod. of the &; of ; the Sum of the 2 e 
mult. into the? Sum ſoſſened by the Side oppoſite 9.7038, 


To the Sq. of the Co- ſine of half the Side BC 


— — 


19.9459640 


— — 


The half of which Square will be — — 99729820 


— CO — 


The Co-ſine of 20 deg- oo min. os ſec . which being doubled gives 
40 deg. oo min. 10 ſec. for the Side BC. On 
7. Again, Becauſe by the 10 Axiom of Section the 6th, 
R B-+D up. 8.1 < 


R 
The 8 Sup. e "mn 
B+ D+Sup-<C Dec 87, : BC. 


2 | : 
To the Arith.Comp. of the S. of the Ang. C=124336.20 0.0697256 
Add the Arith.Comp. of the S. of the Ang. B42. i 5. 134 0. 1723630 
Alſo the S. of the half Sum of the Angles 67.26 58 — 9.965464 
And the S. of the 2 Sum leſſened by the Ang. D 3. 11.5 54 9.73 84190 


Half the Sum of theſe ſour Sines a 19 9459640 


8 


Will be * 2 * — — ** 9.729820 


The Co- ſine of 20 by To min. o5 ſec. which being doubled gives 
40 deg. oo min. 10 ſec. ter the Side BC required. 


| Again, 
8. 1 — the 10th Axiom of Section the 6th, 
The — =P — =B.. g Sup. <=C 


<D+<B N 
*. 7 —<D: n vin be, j 


— C 


To the Sine of one adjacent Angle C= * 36.20 99302 744 
So is the S. of the other adjacent Angle B42. 15. 131—9. 8276370 


. ̃ ⅛˙ 


E 
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Se .. FNTE 7 9= WOW 
To the Sine of the half 8 26.58 7 ** 
So is the S. of the + Sum leſſened by Ang.D=33.r1.55 4 9.7384199 


To a ſeventh $5. * — 
To which add the Radius — — 3 
Half that Sum | | Si —— 

+1245 9640 

Will give - 8 ... EY 
—2:2729920 


The Co-ſine of 20 deg. 00 min, o5 ſec. which being d * 
40 deg. oo min. 10 ſec. for the Side BC required. K n 

*. Again, ä 
9. Becauſe by the 10th Axiom of Section the 6th, 


. N . 8 BC. 


Is" ; 
To the Arith, Comp. of the S. of ? he Sum, &c. 67. 26.5 ; <A 
Add Arith.Co.of the S. of? the Sum leſſened, Cc. 33. 11.55 o, 2 gr 


Alſo the Sine of half the Sum leflened by one of the 


adjacent Angles'C=09.03.18 nf 9: 196956 
And the Sine of the half Sum leſſened by the other 
adjacent Angle B=25.11.44i —— 801 K. 9.6291 170 
Half the Sum of theſe four Sines ———— —T9-1221979 
Will be = —9.5610989 


The Tangent of 20 deg. oo min. os ſec. which being doubled 
gives the Side BC equal to 40 — min. 10 ſec, 2 
gain, 
10. Becauſe by the 10th Axiom of Section the 6th, 
S. ZxS. X ta, *BC 


The R 8. A: : 8. E.: e ane 
As the Radius — —— 10.0000000 
To the Sine of half the Sum of the . 26. 58—9. 9654564 
So is the S, of the half Sum lee "oY 2 7 33.1 7.554 9.238410 
To a fourth Sine dä ⁊⁊qä — 9.703854 


As the fourth Sine — — 9.7038754 
To the Sine of the half Sum leſſened by one of the 6956; 
adjacent Angles ſuppoſe the An ngle eC=g.3.48 —i ” * 
So is the Sine of the half Sum le 5 che enge 9 6291¹¹ 


adjacent Angle B=25. 11.44 


To 
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— — + 


To à Seventh Sine ——— — 5.422197 
To which add the Radius ——10.0000000. 
Halt that Sum . — _ — ä 122 1979 


Will be ——— — 2. 5610989 
Tte Tangent of 20 deg. oo min. oy ſec. the half « of the INN 


Side BC equal to 40 deg. oo min. 10ſec. |, 
Again, 
11. Becauſe by the 10 Axiom. of Section the 6h; 


R | 
Flies ox x © . ZXS. X=crq, : 9 * 


To the Arith. Comp. of the S. of + the Sum oi che An- ; 
gles leſſened by one of the adjacent Ang. C=9.3: 188 0.8030437 

Add the Arith. Comp. ofthe Sine of + rhe dum of th 288 
Ang. leſſened by the other adja. Ang. B 5. 11.444 >, 0.37 30 

Alſo the Sine of the half Sum of the three Qc. 67. 26.58 9 955 4566 


And the Sine of the half Sum leſſend by r ys 7384190 


1 — — 
Half the Sum of theſe four Sines . — —20.$778924 
Will give — — — —— — 0. 4389010. 


The Co- tangent of 20 deg. oo min. o; ſec, half the interjacent BC. : 


gain 
12. * 2 the 10th 7 of Sion the 6th, * 


RP 3 „ 
To the S. of; the b by 9.196956 


cent Angles ſuppoſe C=09.03.18 —— 
So is the Sine of the half Sum leſſened by the other 

| — 9.6 291170 
To a fourth Sine — — — 8.826073 3 


adjacent ar, 5825.4. — ä —— 


As this fourth Sine —— 360775 
To the Sine ot half the Sum 67. 26.5 8 — 995 54564. 
So is the 8. of tne half Sum leflened by DC=33.1 155% 9. 2384490 
To a ſeventh Sine —77 


—  —_— — ͤ N mgT• c — 


To. 
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To which add the Radius — — =— 19.0000000 
Half that Sum — —— _— 0.7 


=. = —— 


| Willbe — ——— — — — — — 10.43 89010 


The Co- ſine of 20 deg ˖ oo min / os ſec· the half af Side BC, 
equal to 40 deg. oo mini ſec. as before found. 


A great variety of other Six:ions might be given to this and the 


former Caſes, as the Reader will eaſily ſee, it he conſults the 444, 
5th, and 6th, preceding Sections. 


In the A plication of Right-angled Spherical Triangles to the S 


tion of the tormer Caſes,” J have choſe to make Uſe of ſuch Propor. 


| tions in which the Radius becomes the firſt Term, they being the 
xeadieſt for Practice, and require only Addition, and the ſame Me. 
thod I ſhall make Uſe of hereafter in the Application of this and the 


former Section to Aſtronomy 
3 
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PART TE: 
Containing the Application of the Projection 
of the SPHERE aud the Doctrine of. 


Spherical Triangles ; 10 the Solution of 
the moſt uſeful Aſtronomical Problems. 


w— 
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Aftronomical Definitions. | 


HE Axis is that imaginary Line about which the Heavens 
ſeem to revolve, its two Extremities are call'd the Poles: 
the uppermoſt or vifible to us, the Northern Pole; the 
lower or invilible to us, the Southern Pole, . 28 
2. The Equinoctial or Equator, is that Great Circle which is — 
very way equally diſtant from the Poles, and conſequently divides 
the Heavens into two equal Parts, it is ſo called, becauſe when 
ever the Sun is in this Circle, the Days and Nights are of an equal 
Length to all the Inhabitants of the Earth. a 
3. Meridians or Hour-Circles, are thoſe imaginary Great Circles, 
which interſe& each other in the Poles of the World, and cut the 
Equinofial at Right-angles. > | | 
4. The Ecliptict, is a Great Circle interſecting the Equator inf. - 
two oppoſite Points, and forming an Angle with it, equal to the 
Suns greateſt Declination ; (which by the moſt Accurate Obierva- 
tions of the Ingenious Mr. Flamfeeed, is found to be 23 deg. 29 min.) 
and is that Circle which the Sun is ſuppoſed to deſcribe by his Annual ; 
Motion round the Earth, (contng to the Syſtem of Prom)... F 
' See : 


2 
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This Circle is uſually divided into 12 equal parts, call'd Signs 
(and conſequently each Sign muſt contain 30 Degrees) beginning 
from the interſection ot the Equator, and number d as follows. 


- x 8 "i S N 2 
Aries. Taurus. Gemini. Cancer. Leo. Virgo. 


8 ; I vp a - 70 
Libra. Scorpio. Sagittarius. Capricornus. Aquarius. Piſces, 


The firſt ſix of theſe are called the Northern Signs, and poſleſs 
that half of the Ecliptick which is to the Northward ot the Equator ; 
beginning at the firſt Point of Aries, and ending with the laſt Point 

The latter fix are called the Southern Signs, becauſe they polſlels 
the Southern half of the Eclipticł, beginning at the firſt Point of 
Libra, and ending with the laſt Point of Piſces. 

5. Circles of Longitude in the Heavens, are thoſe Great Circles 
which are imagined to paſs thro", and conſequently interſe& each o- 
ther in the Poles of the Zcliptick ; and cut the Eclipticł at Right- angles, 
as the Meridians do the Equator. PF 

6. Of the Meridians, that which paſſes thro* the Interſection of 
the Ecliptick and Equinofial, is called the Eguinoctial Colure. | 

7. And that which cuts this at Right- angles, and paſſes thro' the 
Points of Cancer and Capricorn is called the Solſtitial Colure. 

38. The Horizon is a Circle encompaſſing the Earth, and dividing 

it into Equal Parts; it is ſo called, as being the Terminator or 
Boundary, between the Illuminated Part of the Hemiſphere and the 
Luminated: And when ever the Sun, Moon, or Stars; arrive at 
this Circle, they are then ſaid to Riſe or der. Iv is variable in diffe- 
rent Latitudes, and has its Pole. 

9. Its Uppermoſt or Viſible Pole, viz. the Point in the Heavens 

directly over our Heads, is called the Zenith. 4 
10. The Lowermoſt or Inviſible, via, the Point ditectly under 
our Feet, is called the Nadir. | | AX 
11. Vertical or Azimuth Circles, are thoſe Great Circles, which 
— — N = the Zenith and Nadir, and cut the — 

St angles, as the Meridians do the Equaior, and the Circles o. 


* 
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12. Of the Vertical or Azimuth Circles, that which paſſes thro 
the Poles of the World, is called the Meridian of the Place for this 
reaſon, that when the Sun arrives at it, it is then Mid- Day or High- 
Noon; and whenever the Moon, Stars, or other Planets, are un- 
der-it, they are then at the higheſt they can poſſibly be in that part 
of the Earth; and conſequently after that time, continually deſcend, 

13. The Prime Vertical, or Circle of Eaſt and W:ſt, is that Verti- 
cal Circle which cuts the Meridian at Right-angles. 

14. Of the Meridians or Hour- Circles, (Explain'd in Def." 3.) 
that which cuts the Meridian, (deſcrib'd in Def. 1 2.) at Right-angles, 
is called the Six a Clock Hour Circle ; becauſe when the Sun, Moon 
or Stars, are under this Circle, they then have been ſix Hours abſen 
from, or want fix Hours of arriving at the Meridian. 

15. All Small Circles parallel to the Equator, are called Parallels 
of Declination, when they are uſed with reſpe& to the Sun, Moon or 
Stars; but Parallels of Latitude, when uſed with reſpect to the pla- 
ces on the Earth. Ot theſe, 

16. That which is diſtant from the Equator, by the Space of 
23 deg. 29 min. towards the North, and which of conſequence muſt 
touch rhe Ecliptick in the firſt Point of Cancer, and which is the Pa- 
rallel of the Suns Diurnal Courſe when he is in that Point of the E- 
cliptic is call'd the Tropic of Cancer. And : 

17. That which 1s diſtant from the Equator 23 deg. 29 min. to- 
wards the South Pole, and which therefore muſt touch the Ecliptick 
in the firſt Point of Capricorn, and become the Parallel of the Suns 
Diurnal Courſe, when he is converſant in that Point, is called the 
Tropic of Capricorn. 

18. Thar Small Circle which is diſtant from the North' Pole, by 
the Space of 23 deg. 29 min, is calFd the Artic Circle; and to any of 
thoſe Inhabitants whoſe Zenith falls within this Circle, the Sun is not 
ſeen when he is in the Topic Capricorn before deſcribed. 

19. ThatSmall Circle which is as far diſtant from the South- 
ern Pole, as the Artic Circle is from the Northern, is called the An- 
tartic Circle. And to all thoſe Inhabitants (if any there be) whoſe 
Lenith talls between this Circle and the South Pole, the Sun never 
Exhibits himſelf when he is in the firſt Point of Cancer. 

20. All Small Circles parallel to the Ecliptic, are called Parallels 
of Latitude, with regard to the Fixed Stars. and Planets, becauſe 
they determine the diſtance of any of them from the Ecliptic 
Eeee 2 21. All 


* 
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21. All Small Circles parallel to the Horizon, are called 4lmican. 
thers, or Parallels of Altitude, becauſe they ſhew how far the Sun, 
Moon or Stars are aſcended above the Horizon. $2 
22. Longitude of any Place upon the Earth, is an Arch of the E. 

quinofial, intercepted between the firſt Meridian, and the Meridian 
paſſing thro the Place propoſed. Or, it is equal to the Angle for- 
med by the firſt Meridian, and the Meridian paſſing thro' the Place 
1ven: 
f 23. The Latitude of any Place is an Arch of the Meridian, paſſing 
thro the Place, and intercepted between the Place and the Equator. 

24. The Right Aſcenſion of the Sun, Moon, or any Star, is an Arch 
of the Eguinoctial, intercepted between the firſt Point of Aries, and 
the Interſection of the Meridian paſſing thro the Sun or Star; and 
is the ſame with the Angle formed by the. Equinoctial Colure, and 
the Meridian paſſing thro* the Sun and Moon. It's ſo called, becauſe 
it is the Point of the Equinactial, which riſeth with the Sun or any 
Star (in a right Sphere or ſuch a Sphere where the Poles lie in the. 
Horizon,) and conſequently is the ſame Point that paſſes the Meri- 
diaz. with either of them; _ | 5 

25. The Declination of the Sun, Moon, or any Star, is an Arch. 
of the Meridian paſſing thro the Sun, Moon, or any Star; and in- 
tercepted between either of them and the Equator; and if the Sun, 
Moon, or Star, be to the Southward of. the Equator, it is called 
South. Declination But if they lie to the Northward, or betwix:, - 
the Equator and the North Pole, it is called North Declination. 

26. The Place of the Sun, is that. Sign, Degree, Minute, Cr. 
of the Ecliptic, that he poſſeſſes at any time; and his Longitude is 
the Arch of the Ecliꝑtic, intercepted between this Place and the firſt 
Point of Aries. ; | | 

27. The, Longitude of the Moon or any Star, is an Arch of the E- 
cliptic, contained between the Circle ¶ Longitude, paſſing thro' the. 
Moon or Star, and the firſt Point of Aries. And that Degree of a- 
ny Sign over which the Circle of Longitude paſſing thro” the Moon, 
or any Star runs, is called the Place of the. Moon or Stay. 

28. De. Latitude of the. Moon or any Star, is equal to the Arch of 
the Circle of Longitude, paſſing over the Moon, or any Star, and 
intercepted between the Moon or Star, and the Ecliptic, and is cal- 
led South Latitude, if the Moon or Star be. to the Southward of the 
Ecliptic ; — bur if to the. Narthward, It is called Nort h Latitude. 
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29. The Azimuth is an Arch of the Horizon, contained between 
the Meridian and the Vertical Circle, paſſing thro' the Sun, Moon, or: 
Star, at any time propoſed, when they are above the Horizon; and 
is the ſame with the Angle at the Zenith, made by the Meridian and 
the Vertical Circle. | 
30. The Amplitude is an Arch of the Horizon, contained between 
the Sun, Moon, or Star, and the Eaſt Point of the Horizon at their | 
Riſing, or the Weſt Point at their Setting: Or it is equal to the x 
Angle made by the Prime Vertical, and the Vertical Circle paſſing. | 
thro' the Sun, Moon, or Star, at their Riſing and Setting. © 
31. The Altitude of the Sun, Moon, or Star, is an Arch of the 
Vertical Circle, paſſing thro* the Sun, Moon, or Star, at any time, 
propoſed, and contained between the Sun, Moon, or Star, and the 
Horizon, and can never exceed go Degrees or a Quadrant. 
32. Zenith Diſtance, is that Arch of the Vertical Cirele, paſſing- 
thro' the Sun, Moon, or Star, which is contained between either 
of them and the Zenith; and therefore muſt alway, together with: 
the Altitude, make go Degrees or a Quadrant. | 
33. Meridian Altitude, is the Height of the Sun, Moon, or Star, 
when, they are upon the Meridian; and conſequently is the greateſt 
Height to which they can arrive at that time. | . 
34. Oblique Aſcenſion or Deſcenſion, is that Degree of the Equator 
which Riſes or Sets with the Sun, Moon, or any Star, in anOblique 
Sphere; (or ſuch a: Sphere where the Parallels of the Suns Diurnal 
Courſe cuts the Horizon at unequal Angles) which Poſition. happens; 
to all wha live between the. Equator and the Poles  — 
35. Aſcenſional Difference, is the Difference between the Right. 
and Oblique Aſcenſion or Deſcenſion ; or is that Arch of the Equator, .. 
_ which is contained between the Points of Right and Oblique: Aſcen- 
fan or Deſcenſion; and conſequently ſhews how long the Sun Riſes: 
or Sets before or after the Hour of Six; or half the time that the 
Moon ox any. Star, continuing above or below our Horizon; exceed 
or want of Six Hours, 8 
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Containing the Application of the two firſt Sections of the 
Fourth Part, to the actual Projection of the Sphere 
upon the Planes of the principal Grear Circles. 


| Efinitiun. To Project the Sphere Stereographically upon the 
D Plane of any Great Circle, is ſo to deſcribe the Circles of the 
Sphere upon that Plane, as they would appear to the Eye placed in 
one of the Poles of the given Great Circle, 


Prob. I. 


Let it be required to draw the Hour Circles, or Circles of Rigli- 
Aſcenſion, Parallels f Declinatian, Tropics, Ecliptic, &c. Stereogra- 
phically, upon the Plane of the Solſtitial Colure; it being in this Caſe 
ſuppoſed to lie in the ſame Plane with the Meridian. | 

Let APS (in Plate the 4th) repreſent the Solſtitial Colure, upon 
the Plane ot which the Sphere is to be projected, then will Y be its 
Center and the Pole of the Projection. | 

Becauſe the Eye in this Caſe is ſuppoſed in the firſt Point of Aries, 
or common Interſection of the Equator, Ecliptie, and Equinoctial 
Colure; theſe Circles will all be repreſented in the Projection, by 
Right- lines interſecting each other in the Center V, or Pole of the 
Projection, (by the 187 Cor. of the Gen. Def. of the 1/t Section) 
Wherefore, _ FRO Es 

Having drawn the Equator 4 ., and at Right-angles to it the 
Axis, and in this Caſe the Equinoctial Colure Þ VS ; becauſe the 
Hour Circles or Circles of Right Aſcenſion interſe& each other in 
the Poles P and 5, their Centers will be found in the Equator 40, 
at the diſtance of the Tangents of the ſeveral Anglesthat they form 
with the Meridian or Solſtitial Colure, from the CenterY or Pole of 
the Projection; ſo that if it were required to draw the Ten or Two 
a Clock Hour Circle, or Circle of RightAſcenſion of 60 or 120 dg 

| : P, 10,2 
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P, 10, 2 becauſe this Circle forms an Angle or 30 deg. with x 
periphery of the Plane of Projection, we have no more to do but to 
ſet off the Tangent of 30 degrees to the Radius of the Projection, 
from V to 2, 10, then will 2, 10 be the Center, and 10, P the Radius 
of the Circle P, 10, 2, & to be drawn ; and after the ſame manner may 
any other Hour Circle or Circle of Right Aſcenſion be dran. 

Again, becauſe the Parallels of Declination, Tropics, Artic, and 

Antartic Circles are Small Circles, ſtanding at Right Angles to the 
Periphery of the Plane of Projection, their Centers will be found in 
the Axis or Equinoctial Colure PS, produced both ways from P and 
S, and if the Secants of their ſeveral diſtances from their neareſt Pole, 
be ſet off in the Axis, from Y the Center of the Projection on the ſame. 
Side of the Equator as they lie, you will have their ſeveral Centers, 
and the Tangents of the {ame diſtance will be their Radij or Semi- 
diameter; thus ſuppoſe it were required to draw the Small Circle 
50. e. 50. or Parallel of 50 deg. of Northern  Declination, becauſe 
this Circle is diſtant from the Northern Pole P 4o deg. if the Secant 
of 40 deg. be ſer off in the Axis, from V rhe Center of the Projection 

to E, you will have the Center of the Parallel to be drawn, whoſe 

Radius or Semi-diameter E 50, is the Tangent of the ſame di 

from the Pole P, or 40 deg. MERGE | 

Again, Becauſe the Artic Circle is diſtant from the Pole 23 deg 

29 min. if the Secant of 23 deg. 29 min. be ſet off in the Axis; 75 
towards P, it will give the Center; and the Tangent of the ſame 
diſtance will be the Semi- diameter of the Artie Circle to be drawn $1 
in like manner the Secant of 66 deg. 30 min. ſet off from the Center 
(will give the Center, and the Tangent of the ſame diſtance will be 
the Radius or Semi- diameter of the Tropic of Canter & dr. 
Alter the ſame manner may the Tropic of Capricorn and Antartic 
Circle, or any other Parallel to che Equatot be dta vnn. 1 

The Ecliptic is a Great Circle, in this Caſe paſſing thro? the Eye, 
and forming an Angle with the Equator of 23 deg, 29 min. where- 
fore if the Chord of 23 deg. 29 min. be ſet off from to &, or- from 
Qto V, and the Right-line S Y be drawn, it will be the Repre- 

{cntative of the Ecliptic in this Projection, whoſe Poles will be ſomd 
in the Periphery of the: Plane of the Projection at 21 L, at 2 
quadrantal Diſtance from its Interſection & and . | 

Circles of Celeſtial Longitude, which interſect each other in 7 and 

= the Poles of the Ecliptis, will have their Centers in the Ecliptic 


it ſeit; and are projected after che fame: manner as the Circles of | 


Right 
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Right Aſcenſion; ſo that if it were required to draw a Circle of Lon. 
gitude that ſhall paſs thro' the firſt Points of U or N, becauſe each 
* of theſe points are 30 deg. diſtant from the 1ſt Point of Cancer, ang 
©. Conſequently the Circle paſſing thro* them makesan Angle of 30 dep, 

with the Solſtitial Colure; if rhe Tangent of 30 deg. be ſet off in 
the Ecliptic from Y to x, the Point * will be the Center of the Cir. 
cle 2 = to be drawn. 
Circles of Celeſtial Latitude, or Parallels to the Ecliptic are pro- 
jected after the ſame manner as the Parallels of Declination are, viz, 
by ſetting oft the Secant of their diſtance trom the neareſt Pole of 
the Ecliptic in the Axis 7 Y'Z of the Ecliptic, from V towards the 
reſpeRive Pole to find their Centers, and by taking the Tangents of 
the ſame diſtance to obtain their Semi-diameters. . 

To adapt this Projection to the Solution of the particular Problems 
of the Sphere, ſuch as to find the time of the Suns Riſing and Setting, 
Amplitude, Oc. in particular places, it 1s requiſite that the Latitude 
the Place ſhould be known. 4 06 hg bg 

The Horizon is a Great Circle of the Sphere, that cuts the Me- 
tidian or Plane of Projection at Right- angles, (and conſequently in 

| his Caſe paſſes thro the Center, and is repreſented by a Right- line 

 2rming an Angle with the Equator, equal to the Complement of 
he Latitude of the given Place, wherefore ſet off the Complement 
the Latitude of the Place (ſuppoſe London, which lies in the 51 

deg. 32 min. of Northern Latitude) from © to O, and from 4 to H, 

and draw the Diameter HV O, this ſhall repreſent the Horizon of 
the given Place (London) and if another Great Circle Z VN be drawn 
at Right- angles to this, it ſhall repreſent the Prime Vertical, or Cit- 

cle of Eaſt and Weſt. | | 
And becauſe the Azimuths or Vertical Circles interſe& each other 
in the Zenith and Nadir or Poles of the Horizon Z and N, their 
| Centers will be found in the Horizon HO, and they are drawn after 
| th {ame manner as the Circles of Right Aſcenfion, wiz. by ſetting 
| cott the Tangent of the Angle that they form with the Meridian in 
the Horizon from Y, to obtain their Centers; thus ſuppoſe ir were 
required to draw the Azimuth Circle Z YU, forming an Angle of 

45 deg. oo min. with the Meridian ZONH, ſet off the Tangent of 
45 deg. in the Horizon from Y to O, then will O be the Center, and 
f O the Radius of the Circle to be drawn. | 
; Almicanthers or Parallels of Altitude, in this Projection are drawn 
* after the ſame manner as the Parallels of Declination and Parallels of 
Celeſtial Latitude. | | Any 


of the & phere. | 22 & 
Any of the given Great Circles paſſing thro* the Center, may be 
diyided by the Line of Semi-xangents,” by ſetting off the Semi-ra 
gents of the ſeveral Diviſions from Y the Center of the Projection in 
che projected Great Circle : Suppole for Example, it were required 
to divide the Ecliptic according to the Order of the Signs, ſet oft the 
halt Tangent of 30 deg. from / to g and to &, theſe points will re 
preſent rhe firſt points of Taurus and Virgo, Piſces and Scorpio ; and if 
the half Tangent of Go degrees be ſet off from the Center on the E 
cliptie to U and to =, theſe will repreſent the firſt points of Gem 
and Leo, Aquarius and Sagittary Wy £2776 , 
After the ſame manner may the whole Ecliptic be divided, or any 
her Great Circle paſling thro the Eye, ſuch as the Horizon, Equa 
tor, Ce. | £ - 
There are other Methods for drawing the ſeveral Great and Smal 
Circles, as the Reader will eafily perceive if he underſtands the two 
firſt Sections of the former Part, bur theſe that I have made Utſe: of; 
are the molt ready for Practice, and this Rale I ſhall conſtantly ob- 
ſerye hereafter. R . ARM | E E 
00 fs ' 
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Let it be required to draw the Meridians vr Hour Circles, 
Circles of Right Aſcenſion, Parallels of Dec ination, Tropics, &. 
upon the Plane of the Horizon Stereographically. u. 

In Plate the 5th, let AMQ N repreſent the Horizon, upon the 
Plane of which the Circles ot the Sphere are to be projected, then 
will L be its Center and the Pole of the Projection. 

Becauſe the Eye in this Caſe is ſuppoſed in the Nadir or lo 
Pole of the Horizon, the Vertical or Azimuth Cirttes will become 
ſtraight Lines in this Projection, interſecting each other in the Cente 
or Pole of the Projection æ, by Coti the rf of the General Definition 
of Section the 1ſt of Part the 4th. Wherefore,* © - 

Draw the Diameter 42 Q, and let this repreſent the Prime Verti- 
cal or Ciccle of Eaſt and Weſt Azimuth, then will Mz N'the Dia- 
meter &rawn at Right- angles to it, repreſent the Meridian or Circ! 
of North and South Azimuth. and if the ſeveral Angies that the ſe 
veral, Azimuth Circles form with the Meridian, be laid off in the Pe 
riphery of the Plane of the Projection from M or N, towards 4 0 
Q, and thro' theſe points and 7 — 2, Right Lines be drawn 

| | — ee 
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they will repreſent ſo many Auimuth Circles; thus, if it were requi- 
red to draw a Vertical or Azimuth Circle that ſhall form an Angle 
of zo degrees with the Meridian, ſet off zo degrees in the Periphery 
- of the Plane of the Projection from M to b, or from N to a, and 
draw the Diameter bz, this will repreſent the Vertical or Azi- 
muth Circle to be drawn ; and by proceeding after the ſame manner, 
may any other Azimuth Circle be projected. 

The Diſtance of the Pole from the Zenith of any Place, is equal 
to the Complement of the Latitude of that Place'; wherefore if the 
Semi-tangent of the Complement of any Place (ſuppoſe London) equal 
to 38 deg. 28 min. be ſet off in the Meridian from z to p, it will 
give the Place of the North Pole p in this Projection. ; 
The Equinoctial is a Great Circle, at 90 degrees or a Quadrantal 
Diſtance from the Pole, and conſequently is. inclined to the Plane 
of the Horizon, at an Angle of 38 deg. 28 min. equal to the Com- 
© plement of the Latitude of the Place; wheretore, if the half Tan- 
gent of 51 deg. 32 min. equal to the Latitude, be ſet off from z to 
H, it will give one Interſection of the Equator, and if the Tangent 
of 38 deg. 28 min. its Complement be ſet off from z to g on the 
© _ contrary fide of the Center, it will give the Center g of the Equator, 
about which Point g if the Circle AH© be deſcribed at the diſtance 
gf g H, it will be the Repreſentation of the Equator upon this Pro- 


ion. 
The Six a Clock Hour Circle is a Great Circle of the Sphere, 
_ which cuts the Meridian at Right- angles, and conſequently its Cen- 
ter will be found in the Diameter MN produced towards N. and 
bo cauſe it paſſes thro” the Pole P, is inclined to the Plane of the Pro- 
"**&ion at an Angle of 51 deg. 32 min. equal to the Latitude of the 
e; wherefore, if the Tangent of 5.1 deg. 32 min. be ſet off in the 
"Meridian from z to 4 produced if need be, it will give the Center 9 
of the Six a Clock Hour Circle, about which Point q if the Great 
Circle APO be drawn at the diſtance of ꝗ 6, it will be the Repreſen- 

tative of the Six a Clock Hour Circle in this Projection. 
© And becauſe the Planes of the ſeveral Hour Circles are inclined 
do the Plane of the Six a Clock Hour Circle, at Angles of 15 deg, 
zo deg. 45 deg, C and conſequently muſtform the fameAngles with 
it upon the Proje d ion, if the Tangents of 15 deg. 30.de - 45 deg. Oc, 

er be ſet 


do che Radius pq equal. to its Semi-diameter be in the Line 
45+ 30, 8, (drawn at Right-angles to the Meridian MN, and 1 


” 
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thro q the Center of the Six a Clock Hour Circle) from 9 on each 
fide towards 45, you will have the Centers of the ſeveral Hour Cir- 
cles to be drawn; thus, if it were required to dra the Five a Clock 
Hour Circle 5 p 5, becauſe this Circle is inclined to the Plane of the 
Six a Clock Hour Circle at an Angle of 15 degrees, and conſe- 
quently muſt form the ſame Angle with it upon the Plane, if the 
Tangent of 15 degrees to the Radius pq equal to the Semi- 
diameter of the Six a Clock Hour Circle, be ſet off in the 
Line p,45, from p to 15, it will give the Point 15,-for the Center 
of the Hour Circle to be drawn, about which Point 15, if the Circle 
5,Þ, 5, be drawn at the diſtance of 15, p, it will be the Repreſenta- 
tive of the Five a Clock Hour Circle upon this Plane; after the ſame 
manner by laying off the Tangents of 30 deg. 45 deg. Cc. on each 
Side of the point q in the Line , 45, you will have the Points 30.45, 
Ce. forthe Centers of the ſeveral Hour Circles to be drawn. n 
The Ecliptic is a Great Circle of the Sphere, inclined to the Plane 
of the Equator, at an Angle of 23 deg. 29 min. and conſequently 
(if the Southern half be Elevated above the Plane) muſt form an An- 
gle of 14 deg. 59 min. with the Plane of the Horizon, equal to the 
- Difference between the two Inclinations 38 deg. 28 min. and 23 deg. 
29 min. but an Angle of 61 deg. 57 min. equal to the Sum of the 
[nclinations 38.28, and 23 deg. 29 min. if the Northern half of the 
vary > be Elevated above rhe Plane of the Horizon ; wherefore, it 
the Tangents of 14 deg. 59 min. and 61 deg. 57 min. be laid off in 
the Meridian, from z towards m, to x and y, you will have the 
Centers x and y of either Semicircle- of the Ecliptic, about which 
points x and , if the Semicircles AW 2 and ABD, be drawn, you 
will have the Repreſentative of either half of the Ecliptic upon this 
Plane, | | f 
Circles of Longitude which interſect each other in the Poles of the 
Ecliptic, and cut the —＋ at Right - angles, are projected after 
the ſame manner as the Hour Circles or Circles of Right Aſcenſion 
are, which interſe& each other in the Poles of the World, and cut the 
Equator at Right-angles : For Example, ſuppoſe it were xequired to 
draw the Circle of Longirude paſſing thro” the firſt point of Taurm, 
becauſe this Circle is inclined to the Plane of the Equinoctial Colure, 
at an Angle of 3o degrees: thro' the point X the Center of the 
Equinoctial Colare 40 Q, draw the Right Line N hk perpendicular 
in this Caſe to . o N, and make — 
2 | 
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the Tangent of zo degrees, to the Radius OH, or draw the 
Line Oh forming an Angle of 30 degrees at the point o, with the 
Solſtitial Colure O æ NM. where this interſe ts the Line Hb k as in þ, 
it will give the Center of the Circle of n en O to be drawn, 
After the ſame manner by laying off the Tangent of 30 degrees 
from A to K to the Radius OH, you will have the Center ot the 
Circle of Longirude O, paſſing thro the firſt Point of Il, and the 
ſame Method is to be obſerved in drawing of any other. Circle of 
Longitude whatſoever. Wing r We 
+ But. if the Southern half of the Ecliptie A * Q were to be diyi- 
ded, then the point A will. become the firſt Point of =, the point 
Q the firſt Point of Y, and A N the Equinoctial Colure, and 
conſequently the Line HA in this Caſe mult paſs thro' the Center of 
the Circle AY Q, at the diftance, ot the Tangent of 75 degrees from 
the Center x Or Pole of the Projection, and then proceed as before. 
Almicanthers or Parallels of Altitude, becauſe they are parallel to 
the Plane ot the Projection, will have the Center and Pole ot the 
Siegen for their common Center and Pole, and their Radij or 
Semi- diameters will he equal to the Semi- tangents of their diſtances 
from the Pole it ſelf: For Example, ſuppoſe it were required to draw 
a Parallel of 40 degrees of Altitude, becauſe this Circle is diſtant from 
the Zenith 50 degtees equal to the Complement of 40 degrees, if 
the Small Circle 40. 40, 40. 40. be deſcribed about the Center x at the 
diſtance of the Semi- tangent of 50 degrees, it will be the Repreſen- 
tative of the Parallel of 40 degrees of Altitude u pon the Plane of the 
Projection, and the ſame Method, muſt be obſerved in the drawing of 
any other Parallel of Altitude whatſoever. 9-7 
The Tropics, Artic Cirgles,-and Parallels of Declination, are 
projected by laying off the Semi-tangents of their greateſt and 
leaſt diſtances from the Zenith or Pole of the Projection, in the 
Meridian or Solſtitial Colure, on the ſame or contrary Sides of the 
Center, according as the Caſe directs: Suppoſe for Example, that 
it were required to ptoject the Artic Circle, which is diſtant from the 
North Pole, by the Space of 23 deg . 29 min. becauſe the, diſtance 
between the Pole and the Zenith equal in our Caſe to 38 deg. 28 min. 
is greater than this diſtance, the Artic Circle will fall intirely on 
the ſame Side of the Zenith; wherefore if the Semi- tangent of the 
Sum of 38 deg. 28 min. and 23 deg. 29 min. equal to 61 deg. 57 min, 
be ſet ofl from æ to o, you will have one Extremity of the Diameter 
ra "*14 949 | of 
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of the Artic Circle, and if the Semi- tangent of the Difference be- 
tween 38 deg. 28 min. and 23 deg. 29 min equal to 14 deg, 59 min. 
be ſet oll from & the ſame way to V, you will have the other Ex- 
tremity of the Diameter or, the middle point of which will be the 
Center; about which Center if the Small Circle or be deſcribed, it 
will be the Repreſentative of the Artie Circle in this Projection. ; 

Again, if the Tropic of Cancer were to be projected, becauſe the 
diſtance of the Tropic from the North or Upper Pole 66 deg. 34 min. 
is greatet than the d:{tance of the tg Poles oſ the Horizon and Equa- 
tor, in this Caſe 38 deg. 28 min. the Pole of the Projection ⁊ will 
lye within the Circle; wheretore, if the Semi- tangent of the Sum of 
66 deg. 1 min. and 38 deg. 28 min. equal to 104 deg. 59 min, be 
ſer oft from ⁊ to I it will give one Extremity of the Diameter ; and if 
the Semi- tangent ot the Difference 28, deg. o min. be ſet off from 
⁊ the contraty way to S, it will give the other Extremity S of the 
Diameter / , the middle point of which Diameter will be the Cen- 
ter, about which if the Circle > / be deſcribed, it will be the Re- 
preſentative of the Tropic of Cancer in this Projection. 0 

After the ſame manner may any other Parallel of Declination or 
Parallel to the Equator be drawn, if its diſtance from the Pole pj be 
known or given. he 151tl Fr 42. 
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Any Parallel of Declination, ſuppoſe the Tropic of Cancer, may 
more readily be deſcribed, hy the help of the 470 Cor. of: the 2d Prop. 
of Section the 1ſt, or the 3d Caſe; ot Prob, the 6th,of. Section the 24 
Part the 4th, after the following manners thro',p the Pole of the E- 
quator or Great Circle to which the. Tropic is parallel, draw the 
Right Line p at Right-angles to the Meridian pz u, and ſet off 
the diſtance of the Parallel from the Pole, equal to 66 deg. 31 min. 
in the Periphery of the Plane of the Projection from M to g, and 
lay a Ruler over the Pole Hof the S a Clock Hour Circle and the 
point 5 to cut the Six a Clock Hour Circle in the point => and 
throꝰ the point and the Center of the Six a Clock Hour Circle, 
draw the Line 7 2 7 to cut the Line E in , then will 3 
ſt off in the Meridian from ꝗ̃ to v give the point v for the Center, 
and the diſtance * will be equal to the Semi- diameter of the Tro- 
pie to be drann. Again, D .A4 

If the Tropic of Capricorn, e were required to be drawn, bes. 
cauſe this Circle is diſtant from the North or Uppermoſt Pole 1130 
a 29 min. 
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297, ſet off this diſtance in the Periphery of the Plane of the Projec- 
tion from m to 5, and draw the Line H ro cut the Six a Clock 
Hour Circle in thro' this point © and the Center dra the Right 
Line q4 f to cut the Line py E in k, then the diſtance 9 +, ſet 
off in the Meridian q z from q to y, will give the Point y for the Cen- 
ter of the Tropic, and the diſtance p z will be the Semi-diameter ; 
and proceeding after the ſame. manner, may any other Parallel of 
Declination be drawn. | 

Parallels of Cœleſtial Latitude or Parallels to the Ecliptic, are 
drawn after the ſame manner as the Parallels of Declination are 
in the former Caſe, regard being had to the Poſition of their Pole, 
and their reſpective diſtances from it, but theſe being ſeldom made Uſe 
of, and to avoid (as much as poflible) Confuſion, by putting too 
great a Number of Circles in the Figure, I ſhall omit the drawing 
of e's 2 them, ſince the Intelligent Reader will eafily ſupply them 
himfelf. 


Prob. III. 


Let it be required to draw the Meridians or Hour Circles, Paral- 
lels of Declination, Tropics, Cc. upon the Plane of the Equator 
Stereogr aphically. ; | 

Let am u (in Plate the 6th) repreſent the Equator, upon the 
Plane of which the Sphere is to be projected, then will ꝓ be its 
Center and the Pole ot the Projection. 

Becaufe the Eye in this Caſe is placed in one of the Poles of the E- 
quator, (for Example in the Southern Pole) where the Meridians or 
Hour Circles all meet, they will all lie in the fame Plane with the 
Eye, and are therefore repreſented by Right Lines interſecting each 
other in p the Center or Pole of the Projection (by the iſt Cor. of the 
Gen. Def. of the 1 St.) Wherefore, 

Having drawn the Six a Clock Hour Circle 2 p 9, at Right-angles 
to it, draw the Meridign or Twelve 2 Clock Hour Circle mp n, 
and ſet off 15 degrees in the Equator from n to 1, from 1 to 2, 
from 2 to 3, Oc. or let each Quadrant of the Equator be divided 
into fix equal Parts in the points 2, 2, 3, Oc. and draw the 
ſeveral Right Lines or Diameters 11, 22, 33, Cc. theſe will repre- 
ſent the ſeveral Hour Circles upon this Plane; and if each Arch 
m 1, 4.2, 2.3, &c. beſub-divided imo the afiquor Parts of * 


of the Sphere. a 23 
and Lines be drawn from the ſeveral Diviſions thro” the Center, yc 
will have a Number of Circles anſwering to the reſpeRive parts of an 


Hour. His 

Again, becauſe the Parallels of Declination are all parallel to the 
Equator, and conſequently in this Caſe parallel to the Plane of the 
Projection, they will all (by the 1/ Cor. of the iſt Lemma of the 1/7 
$efion) become Circles in the Projection, and (by the 2d Cor. of the 
ſame Lemma) will have the Center por Pole of the Pragje@ion for their 
common Center and ( by the 4th Cor. of the ſame Lemma) their ſeve 
ral Radij or Semi- diameters, will be equal to the Semi-tangents 
their diſtances from the Pole of thz Equator. Wherefore, 

If about p as a Center, with the Semi-tangents of the ſeveral diſ- 
tances of the Parallels of Declination from the Pole, the ſeveral 
Small Circles 10.10, 20.20, 30.30, Oc. be drawn, you will have the 
ſeveral Parallels of Declination deſcribed upon this Plane. | 

The Artic Circle is a Small Circle parallel tothe Equator, at the 
diſtance of 23 deg. 29 min. from the North Pole, wherefore if about 
pas a Center, at the the diſtance of the Semi-rangent of 23* 29 the 


1 Small Circle r be drawn, it will be the Repreſentative ot the Artic 


Circle upon this Plane: In like manner the Small Circle , q drawn 
parallel to the Equator a u m, at the diſtance of the Semi- tangent 
of 66 deg. 30 min. the Complement of the Tropic's diſtance from the 
Equator, will be the Repreſentative of the Tropic of Cancer in this 
Projection; and becauſe. the Southern Tropic is diſtant from the 
Northern Pole 113 deg. 29 min. it with the Semi-rangent of 113 deg. 
29 min. a Small Circle be drawn about the Center p, it will be the 
Repreſentative of the Tropic of Capricorn, but this Circle falling 
withou the Periphery of the Plane of the Projection, is not uſually | 

wn. | 

The Ecliptic is a Great Circle forming an with the Equator 
of 23 deg. 29 min. equal to the Suns. greateſt Declination ; where- 
fore if the Tangent of 23 deg. 29 min. be ſet off in the Meridian 
ſrom p to f, you will have the Center f of the Ecliptic a & 4, in this 


Projection. 

Circles of Cœleſtial Longitude. are projected in this Caſe after the 
ſame manner as the Hour Circles or Circles of Right Aſcenſion. are 
in the former Problem, viz. by making the Semi-diameter or Radius 
A of the Equinoctial Colure a g, equal to the Tangent of 45 de 


grees, and laying off the Tangent of the Angle of. Inclinagon 2 
* e 


| 
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= give.c for the Scnter, and the diſtance trom c to A will be the Semi- 


diameter; wherefore, it about che Poi 4 ar. the diſtance of c 4; 


- 


- 
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Plane of the Circle of Longitude to be projected with the Equino&i- 


al Colute in the Line be, at Right- angles to the Solſtirial Colare 


mg N from J to c, tor the Center. Suppolet. r Example, at were te- 
"quired to project the Citcle of Lorgirude paſſing thro' the 1ſt Point 
of Taurus, becauſe this Citcle is, inclined” to the Plane of the Equi- 


noctial Colure at an Angle of 30 degrees, if the Tangent of zo de- 
grecs to the Radius 46 be laid off in che Line bc trom b to c, it will 


ße Cireſc 24 © be deſcribed, it will be the Repre(entarive of theCir- 
cle of Longitude required o be drawn ; and after the ſame manner 


— 


may any 0:her Circle of Lor gitude be arawn. 


Uircles of Ccleſtial Latitude or Parallels to the Ecliptic are drawn 


after the fame manner as rhe, Parallels of Declination, or Parallels to 


the Equator ate in the formet Problem, regard being had to their git 
tance from the Pole A of the Ecliptic a Sq, but theſe are here omit. 


ted to avoid too great a' Number of Circles. 


Again, Becauſe the Zenith of any Place is diſtant from the Pole 
yt 


by the Space of the Complement of the Latitude of that Place, if the 


Wk BE of 38 deg. 28 min the Complement of the Latiti de of 
London, be ſet off from p to ⁊, the point z will repreſent the Zenith 
of. London, and if about that Point as a Pole a, Great Circle as 474 
be drawn, it will be the Repreſentative of the Horizon of London in 
this Projection, or of any other Place in the fame” Latitude. nnn 
bs Great Circle a £ 9 drawn thr6' the Zenith z, (whoſe Center 
15 at J, diſtant from the Center p of the Plane of che Projection by 
the Tangent of 51 deg. 32 min. the Latitude of the given Place) is 


the Prime Vertical or Circle of Eaſt or Weſt Azimuth, as the Cirele 


x p is the Meridian, or Circle of North or South Azimuth. 
Any other Azimuth Circle forming a given Angle with'the Prime 

Vertical, is drawn after the fame manner as a Circle of Longitude in 

this Projection, or an Hour Circle in the former Problem By ma- 


king y * equal to the Tangent of the given Angle or Difference 


of Azimuths, to the Radius z ), or drawing the Line ⁊ w form- 
ing an Angle with ⁊ y equal to the given Angle, till it cut y in : 


Suppoſe it were required to draw the Azimuth Circle 4.2.4, form- 


ing an Angle with the Prime Vertical of 30 degrees. 


or draw the Right Line w & forming an Angle of 30 degrees with 


Make y w equal to the Tangent of 3 o degrees to the Radius 2), 


the 
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the Meridian & þ y, then will w be the Center of the Azimuth Cir- 
cle to be drawn, and ws the Radius, which Radius ⁊ u is likewiſe 
equal to rhe Secant of the ſame Angle to the Radius z y. 
After che {ame manner may any other Azimuth Circle be drawn, 
or the Angle which any two Azimuth Circles make be determined. 
Almicanthers or Parallels of Altitude, are drawn after the ſame' 
manner in this Caſe as the Parallels of Declination were in the laſt 
Problem, by ſetting off the Semi-rangent of their greateſt and leaſt 
diſtances in tlie Meridian, from the Center or Pole of the Projecti- 
on, (in this Caſe the Pole of the World) on the ſame or contrary Sides 
according as the Caſe requires, to obtain the two Extremities of their 
reſpective Diameters: Suppoſe for Example, it were required to 
draw a Parallel of 40 degrees of Altitude, becauſe this Circle is diſ- 
tant from the Zenith or Pole of the Horizon z 50 degrees, if the 
Semi-tangent of 88 deg. 28 min. the Sum of the diſtances of the two 
Poles, and the Small Circle's diſtance from the Zenith, be laid off in the 
Meridian from the Center to 4, it will give one Extremity of the Dia- 
meter, and if the Semi-tangent of x x deg. 32 min. the Difference of the 
twodiſtances, be laid off from the Center p on the contrary Side of the 
Center, becauſe the Small Circle's diſtance from its Pole is greater 
than the diſtance of the Poles of the Equater and the Horizon, to c,. 
it will give the other Extremity of the Parallel to be projected; the 
middle of which Y will be the Center, about which if the Small 
Circle cd be deſcribed, it will be the Repreſentative of a Parallel of 
40 degrees of Altitude in this Projection ; and the ſame Method muſt 
be obſerved in the drawing of any other Parallel of Altitude, but i 
ſeveral Parallels are ro be drawn, they are beſt of all done by 
help of the 3d Caſe of the 6th Problem, of the 2d Section of the 475 
Part; an Example of which may be ſeen in the former Problem in the 


229th Page in drawing of the two Tropics. 
Prob. IV. 


Let it be required to draw the Hour Circles, or Circles of Right- 
Aſcenſion, Circles of Longitude, Parallels of Declination, Tropics, 
Ecliptic, &c. Stereographically upon the Plane of the Ecliptic. 

Let YS=V (in Plate the 7th) repreſent the Ecliptic, upon the 
Plane of which the Sphere is to be projected, then will 7 be irs Cen- 


ter, and the Pole of the Projection. 
* 6g 88 Becauſe 


bs, 
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Becauſe the Eye in this Caſe is placed in one of the Poles of the 
Ecliptic, for Example (in the Southern Pole) the Circles of Cœleſtial 
Longitude will become ſtreight Lines in this Projection interſecting 
each other in the Center or Pole of the Projection z, by Cor. the 1/ 
ot the Gen. Def. of Sec. the 1ſt, of Part the 4th. Wherefore, 

Having drawn the Diameter Y' 7 to repreſent the Equinoctial 
Colure, at Right-angles to it draw the Diameter S 2, this will 
' repreſent the Solſtitial Colure, and where theſe two Diameters in- 
terſect the Periphery of the Plane of the Projection, will give the four 
principal points of the Ecliptic Y = W. | | 

Again, becauſe the Circles of Longitude paſſing thro' the firſt 
points ot & and K, I and 7, Cc. are inclined to the Plane of tune 
Equinoctial Colure, at Angles of 0 deg. and 60 deg. if the Chords 
of zo deg. and 60 deg. be laid off in the Periphery of the Plane of 
the Projection from Y and = on each Side towards & and , and 
the Right-lines 8 m, and U 7, Tc. be drawn, they will be 
the Repreſentatives of the ſeveral Circles of Longitude paſſing thro? 
the ſeveral firſt points of 8, U, &c. and where theſe interſe& the 

Periphery or Ecliptic T S = , they will give the ſeveral firſt points 
3 ot | TIT 

After the ſame manner may any other Circle of Longitude form- 
ing any given Angle, with the Equinoctial Colure be drawn. 

Circles of Cœleſtial Latitude, inaſmuch as they are parallel to the 
Ecliptic, and conſequently in this Caſe parallel to the Periphery of 
the Plane of the Projection, will have the Pole of the Projection 7 
for their common Center and Pole, and their Semi-diameters will be 
equal to the Semi-tangent of the Complement of their reſpective 
diſtances from the Ecliptic : Suppoſe for Example, it were required 
to draw a Parallel of 10 degrees of Northern Latitude, becauſe this 
Circle is diſtant from the Pole of the Ecliptic , by the ſpace of 
80 degrees, if about the point æ as a Center, with the Semi-tangent 
of 80 deg. the Small Circle d, e, f, g, be deſcribed, it will be the 
Repreſentative of the Parallel of 10 degrees of Latitude in this Pro- 
jection; and proceeding after the ſame manner, may any other Pa- 
rallel of Latitude be drawn. 

The North Pole of the World is diſtant from the Pole of the E- 
cliptic by the ſpace of 23 deg. 29 min. wherefore if the demi- tangent 
ol 23 deg. 29 min. be ſer off in the Solſtitial Colure from z to p, the 

point p will be the Repreſentative of the North Pole. Again, 

Becauſe 
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Becauſe the Six a Clock Hour Circle is inclined to the Plane of 
the Projection at an Angle of 66 deg. 31 min. it the Tangent of 66 
deg. 31 min. be laid off in the Solſtitial Colure from = the contrary 
way to the Pole, to S, the point S will be the Center ot the Six a 
Clock Hour Circle, about which it the Circle r p = be drawn, it 
will be the Repreſentative of the Six a Clock Hour Circle in this Pro- 
jection. | 
| And becauſe the Planes of the ſeveral Hour Circles are inclined to 
the Plane of this Circle, at Angles of 15 deg. 39 deg. Cc. if the 
Tangent of 15 deg. 3o deg. &c. to the Radius y S, be laid off in the 
Line $,45, from S each way, to 15.30, Cc. the points 15, 30, 
c. will be the Centers of the ſeveral Hour Circles to be drawn, 
and if about the ſeveral points 15, 30, Cc. Circles asp7, p8, Cc. 
be drawn, at the diſtance of 15 p, 3op, &c. they will be the Repre- 
ſentatives of the ſeveral Hour Circles upon this Projection. 

The Equinoctial or Equator, is inclined ko the Ecliptic, and con- 
ſequently to the Plane of the Projection, at an, Angle of 23 deg. 29 
min. equal to the Suns greateſt Declination : wherefore, if the Tan- 
gent of 23 deg. 29 min. be ſet off in the Solſtitial Colure from v to- 
wards p to n, this point will be the Center of the Equator, about 
which point if the Great Circle Y 4 = be drawn, it will be the Re- 
preſentative of the Equator in this Projection. 

The Artic Circle, Tropics, and Parallels of Declination are drawn 
after the ſame manner as in the 2d Problem, by ſetting off the Semi- 
tangents of their greateſt and leaſt diſtances from the Pole of the E 
cliptic in the Solſtitial Colure, on the ſame or contrary Sides of the 
Center 7, as the Caſe requires, in order to obtain the two Extremi- 
tics of their Diameters : Suppoſe for Example, it were required to 
draw the Tropic of Cancer, becauſe this Circle is diſtant from the 
Pole of the World 66 deg. 31 min. it the Semi- tangent of go deg. 
equal to the Sum of 66 deg. 3 1 min. (the diſtance of the Tropic from 
the Pole) and 23 deg. 29 min. equal to the diſtance of the two Poles 
of the Ecliptic and Equator, be ſet off in the Solſtitial Colure from 

7 to &, it will give one Interſe&ion of the Diameter; and if the 
Semi-tangent of 43 deg. 02 min. (the Difference between) 66 deg. 
31 min. and 23 deg. 29 min. be ſet off in the Solſtitial Colure from 
7 the contrary way to c, it will give the other Extremity of the Di- 
ameter, the middle point of which will be the Center, about which 


Ggg8 2 point 
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r- it if the Circle &, 6, c, 6, be deſcribed, it will be the Repreſen-⸗ 
t ve of the Tropic of Cancer in this Projection. | 
Alter the ſame manner may the Artic Circle or any Parallel ot De- 
clination be drawn, ge. 
But if the ſeveral Parallels are to be drawn, the readier way is by 

the help of the 3d Caſe of the 6th Problem, of the 2d Section of the 

5 Part, after the manner taught in the 2d Prob. Page the 229th. 

The diſtance between the Zenith and the Pole is equal ro the Com- 
plement of the Latitude of the Place, wherefore it the Semi-tangent 
of 14 deg. 59 min. the difference berween the Complement of the 
Latitude of London, and the diſtance of the two Poles of the E- 
cliptic and rhe Equator, be ſet off in the Solſtitial Colure from 7 to 
2, it will give the point z for the Repreſentative of the Zenith of 
London, or of any place in the ſame Latitude. 

N. B. If the Pole p had been projected to the Southward of the 
Pole of the Ecliptic, then the diſtance of the Zenith trom the Center 
7, had been equal to the Sum of the Complement of the Latitude 
of the Place and the diſtance of the two Poles equal to the Semi- 
tangent of 61 deg. 57 min. 

The Prime Vertical, or Circle of Eaft and Weſt Azimuth, is in- 

clined in this Caſe to the Plane of the Eclipric, at an Angle of 75 

dep. oi min. wherefore-if the Tangent of 75 deg. ot min. be laid off 

| in the Solſtitial Colure from 7 the Center of che Projection towards 
to x, it will give the Center of the Prime Vertical to be drawn ; 

about which point if the Circle Y z = be drawn, it will be the 
Repreſentative of the Prime Vertical in this Projection. | 

And inafmnch as all the Vertical or Azimuth Circles interſe& each 
other in the point z, the common interſe&ion of the Prime Vertical 
Y z = with the Meridian Spz V, the Center ot any other Ver- 
tical or Azimuth Circle forming any given Angle with the Prime 
Vertical, is found by ſetting off the Tangent of the given Angle to 
the Radius of the Prime Vertical in that Right Line that paſles thro' 
the Center, and ſtands at Right-angles to the Meridian after the 

1 anner taught in the former Problem; but to avoid Confuſion theſe 
Circles are. omitted, tho', if need be, the Inteligent Reader will 

eaſily ſupply them Himſelf. | 
Almicanthers or Parallels of Altitude, are drawn after the ſame 
| manner as in the former Problem, by laying off the Semi-tangent of 
their greateſt and leaſt diſtances from the Center or Pole of the Pro- 


jection 


= .es 


1 
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jebtion, on the ſame or contrary Sides, according as the Caſe re 
quires, to obtain their Diamerers : thus, if it were required todas 
2 Parallel of 40 deg. of Altitude, becauſe this Circle is diſtant fron 
the Pole of the Horizon or Zenith z 50 degrees, and that the Zenith | 
is diſtant in this Caſe from the Pole of the Projection 14 deg, 59 min. 
it the Semi-tangenc of 64 deg. 59 mid. the Sum of the two given diſ- 
tances be ſet off from 7 the Pole of the Projection, in the Meridian 
towards 2 to A, it will give one Interſection of the Diameter of the 
Small Circle to be projected, and the Semi-tangent of 35 deg. oi min. 
the difference of the two given diſtances be ſet off in the Meridian, 
from the Center of the Projection 7 on the contrary Side of the Cen- 
ter to q, will give the other Interſe&ion ; wherefore, if about the 
middle point as a Center, the Small Circle 4 q be deſcribed to paſs 
throꝰ the points A and , it will be the Repreſentative of a Paral- 
lel of 40 deg. in this Projection. * Af 

How any Part or Portion, of any projected Great or Small Circle 
may be meaſured; or how any Number of degrees may be laid off 
upon any Circle from a given point, in this or any of the former Pro- 
jections, has been ſhewn at large in the 6th and 7th Problem of Section | 
the 2d, of Part the 4th. | 

Any of the Projections thus prepared, will readily ſerve to repre- 
ſent all the Phænomena of the Sphere, and give Solutions to all Prob- 
lems propoſed concerning it, and for this Purpoſe I ſhall make Uſe 
of the Repreſentation of the Circles of the Sphere upon the Plane of 
the Solſtitial Colure, it being in this Caſe ſuppoſed to lye under the 
Meridian as deſcribed in Problem the 1/2, not doubting but the Reader 
will eaſily be able to trace out the ſeveral Triangles in any of the o- 
ther Repreſentations, and to avoid Confuſion, I ſhall deſcribe ſuch 
Circles only as are immediately neceſſary for the Buſineſs. \ 

Wherefore, in Plate the 8th, Let ZPO @ NSH repreſent the 
Meridian, or in this Caſe the Solſtitial Colure, P the North Pole, $ 
the South Pole, PS the Axis or Six a Clock Hour Circle, 4 the 
Equator, art the Artic Circle, and an: the Antartic Circle, ® © 
©S, the Tropic of Cancer, or Parallel of the Suns diurnal Courſe 
when he is in the iſt point of Cancer, Y E the Tropic of Capri® 
corn, or Parallel of the Sun's diurnal Courſe when he is in the firſt 
point of Capricorn, and S W the Ecliptic. 

Let Z repreſent the Zenith of any Place, ſuppoſe London, and N 


the Nadir, then will ZN be the Prime Vertical or Circle of Eafi 
We! and 


Y. 2 
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and Weſt Azimuth, and HO the Horizon, theſe things being premiſed, 
it is manifeſt, | 
1. That all thoſe People who have the Equator 4 © paſs thro? 
their Zenith, in which Caſe the Axis P lyes in the Horizon, will 
have their Days and Nights of an equal lengrh during the whole Year, 
for the Horizon P S cuts the Parallels S , N Evy, of the Sun's 
dinrnal Courſe into two equal parts, whence the Semi- diurnal Arches 
or Parts above the Horizon, are equal to the Semi-diurnal Arches or 
Parts under the Horizon ; and this 1s called a Right Poſition of the 
Sphere, becauſe the Parallel of the Sun's diurnal Courſe cuts the Ho- 
rizon at Right-angles. | | 
2. That all the Inhabitants (if any there be) who hare either of the 
Poles Por 5 in their Zenith, (ſuppoſe the Northern Pole P) in which 
Caſe the Equator becomes their Horizon, will have but one Day and 
one Night during the whole Year, that is perpetual Day, (in this 
Caſe) during the Time the Sun is travelling from the firſt point of 
ries to the firſt point of Libra rhro' the Northern Signs, and perpe- 
tual Night while he is travelling from the firſt point of Libra to the 
- firſt point of Aries thro the Southern Signs, that is half the Year 
Day and half the Year Night; and the contrary to thoſe who hare 
the Southern Pole in the Zenith, that is perpetual Day while the Sun 
is paſſing thro the Southern Signs, apd continual Night while he is 
- travelling over the Northern Signs; for in either Caſe the Sun is re- 
moved at more than a Quadrantal diſtance from the Zenith for one 
half of the Year ; and this Poſition of the Sphere is called a Paral- 
lel Poſition, becauſe the Parallels of the Sun's diurnal Courſe S O, 
E , are parallel to the Horizon 40. | 
By Reaſon of the Excentricity of the Earths Orb, which is :5+ 
parts nearly of the mean diſtance of the Earth from the Sun, the 
Earth is 186 Days nearly, in travelling thro the Southern half of the 
Ecliptic, and but 179 Days in travelling thro* the Northern half, 
whence-it comes to paſs that that part of the Earth which is under the 
North Pole, enjoys the preſence of the Sun longer by 7 Days, than 
that part of the Earth which is under the Southern Pole; and there- 
fore ſtrictly ſpeaking, neither the Day nor the Night under either 
of the Poles can be ſaid to be half a Year long, but this Difference 
in Accounting for the General Phænomena is ſeldom taken Notice of. 
And again, by Reaſon of the denſity of the Air near the Hori- 
zon, the Solar Rays are ſo refracted that the Sun appears above the 
Horizon before he is really Riſen, and is ſeen in the Evening after 
he 


of the Sphere. 239 | 


he is really Set, whence it comes to paſs that the Sun's whole Body 
may be ſeen by us and our Antipodes, at the ſame part of ablolute 
Time, which makes our Days really longer than they would other- 
wiſe be, and then is found by Calculation: And inaſmuch as this 
Refraction is greater the nearer you approach either Pole, occaſioned 
by the excceding coldneſs ot the Air, and it is probable that this may 
be ſo great near the Pole, as to increaſe the Length of the Day by 
Ten natural Rays, yet this Difference in the duration of the Days is 
not regarded as being accidental, and makes them generally ſaid to 
be of Half a Years continuance. N. 
3. That tnoſe People who dwell within the Artic Circle, have 
continual Night when the Sun is in the firſt point of Capricorn, for 
in this Caſe the Parallel of the Sun's diurnal Courſe is at a quadran- 
tal diſtance from the Artic Circle, and thoſe who dwell within the 
Antartic Circle enjoy continual Day, becaufe no point within the 
Antartic Circle lyes at a greater diſtance than a Quadrant from the 
Tropic of Capricorn ; and on the contrary, when the Sun is in the 
firſt point of Cancer the Inhabitants within the Artic Circle enjoy 
| perpetual Day, but the Inhabitants within the Antartic Circle per- 
petual Night. | 
4. That by how much the nearer any Place within either Polar 
Circle is to the Pole, of the greater Number of Natural Days does 
their longeſt Days conſiſt, and on the contrary, the longer is their 
longeſt Night ; and that their longeſt Day begins when the Declina- 
tion of the Sun is equal to the Complement of the Latitude of the 
Place, and of the ſame Denomination, and that their longeſt Night 
begins when the Sun's Declination is equal to the Complement of 
the Latitude of the Place, but of a contrary Denomination, or on the 
contrary Side of the Equator, Thus for Example, in the Latitude 
of 80 degrees North, and which Place is removed 13 within the 
Artic Circle, the longeſt Day begins on the 5th of April, and con- 
tinues to the 16th of Auguſt following, and is equal to 133 Natural 
Days; and on the contrary, their longeſt Night begins on the 87h of 
October, and ends on the 11th of February following, and conſiſts of 
126 Natural Days, ſhorter than the longeſt Day by 7 Days, occafion- 
ed as before mentioned by the Excentricity of the Sun, and after the 
ſame manner may the length of the longeſt or ſhorteſt Day be deter- 


mined in any given Place. . __ 
5. That 
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5. That all thoſe People who are ſcituated between the Equator 
and either of the Polar Circles, will have their Days and Nights lon- 
ger or ſhorter, according as the Sun approaches nearer to, or re- 
ceeds farther off from their Zenith, but their longeſt Day or lon- 
geſt Night will never exceed one Natural Day or 24 Hours, and the 
Poſition of the Sphere in this and the former Caſe is called an Oblique 
Poſition, becauſe the Equator and the Parallels of the Sun's diurnal 
Courſe cuts the Horizon at Oblique or unequal Angles. 

Jo determine the Time of the Riſing and Setting of the Sun, 
the length of the Day and Night, his Amplitude, &c. in any of theſe 
Places ſet off the Latitude of the Place propoſed from P to O, and 
draw the Horizon HO, and at Right- angles to it the Prime Verti- 
cal ZN, and let the Sun be ſuppoſed to be in the firſt point of Can- 
cer or moſt Northermoſt point of the Ecliptic, then will S X & the 
Tropic of Cancer, become the Parallel of the Sun's diurnal Courſe in 
this Caſe, whence it is maniſeſt, 1. That when the Sun arrives at & 
it is then Midnight to the Inhabirant at Z, that OF equal to the Dif- 
ference (in this Caſe) between O Q the Complement of the Lati- 
tude of the Place, and the Sun's Declination OX is equal to the 
Sun's greateſt Depreſſion, and that Z & equal to the Arch O & in- 
creaſed by a Quadrant Z O, is equal to the greateſt diſtance from the 
Vertex at that time. 2 

As the Sun is carried on in the Parallel X from & towards 8, 
when he arrives at O, that is where the Parallel of the Sun's diurnal 
Courſe cuts the Horizon he there appears to Riſe ; wherefore, if 
the Arch of the Equator B@ equal to the Arch YO, equal to the 
Semi-diurnal Arch, be converted into Time, it will give the Hout 
of the Sun's Riſing, but taken from a Semicircle will give the length 
of the Semi-diurnal Arch © S ; this therefore converted into Time 
will give the time of Sun Setting, for as the Number of Hours between 
Midnight and the Sun's Riſing gives the Hour of the Sun's Riſing, ſo 
the Number of Hours between Noon and Sun Setting, will give the 
time of the Setting, | | 

As the degrees of the Equator anſwering to the point B, cut off 
by the Meridian PO BS paſſing thro the Sun, is called the Right- 
Aſcenſion of the Sun, becauſe it 1s the ſame point of the Equator that 
Riſes with the Sun in a Right Sphere, ſo the point of the Equator 
Y which aſcends with the Sun in this Sphere thus inclined, is called 
the Oblique Aſcenſion, and their Difference or the Arch Y, which 
is called the Aſcenſional Difference, is ever equal to the * or 

| Detect 
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of the Semi-Solar Day above ſix Hours, or its Defe& to the ſame ; 
wherefore if.  B be converted into Time and ſubſtracted from fix 
Hours, in this Caſe, it will give the time of the Sun's Riſing, but 
added to ſix Hours will give the time of the Suns Setting. 
Again, becauſe the Sun's Amplitude is equal to the Arch of the 
Horizon, intercepted between the Sun and the Eaſt point of 
the Horizon at his Riſing, or the Weſt point of the Horizon at 
his Setting, if the Arch Y' © be meaſured, it will give the Ampli- 
tude of the Sun in this Caſe ; that is, how far he Riſes and Sets ia 
Northward of the Eaſt and Welt points of the Horizon. 

When the Sun arrives at H he is then ſix Hours diſtant from the 
Meridian, wherefore it the Vertical Circle Z H be drawn thro' the 
Sun at this time, the Arch HC will give the Sun's Heigat, and the 
Arch of the Horizon CO will give his Azimuth from the viſible 
Pole P, which is Eaſterly if it be in the Morning, but Weſterly if it 
be in the Afternoon. 2 ö 

Again, if it be required to find when the Sun will appear due Eaſt 
or Weſt, and his Altitude at that time, thro' the Interſection I of 
the Parallel © X, and the Prime Vertical Z Y N, let the Hour 
Circle or Meridian P 1S be drawn, then will the Arch 7 Y be equal 
to the Sun's Height above the Horizon, and the Arch of the Equa- 
tor D equal to the time after Six in the Morning when he will ap- 
pear due Eaſt, or how long before Six in the Evening he will be ſeen 
in the Weſt, this therefore converted into Time, and added to, and 
ſubſtracted from Six Hours, will give the Time when the Sun will 
appear due Eaſt and Weſt. . | 

Again, if the Arch of the Equator DA be.converted into Time, 
it will ſhew how many Hours before Noon the Sun will appear. 
due Eaſt, and the time in the Afternoon when he will appear due 
Weſt; for the Arches VD and DA do together make a Quadrant 
or Six Hours. ET 

Again, if the Hour of the Day and Azimuth of the Sun at any o- 
ther time be required, his Altitude being firſt given, about the Ze- 
nith Z let the Parallel qX6 be deſcribed, at the diſtance of the Com- 
plement of the Sun's Height at the time of Obſervation, where this 
interſe&s the Parallelof the Sun's diurnai Courſe as at &, it will give 
the Place of the Sun, throꝰ which if the Hour Circle PXF be drawn, 
the Arch of the Equator RA converted into time, will give the 

| mA Hhhh Hour 
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will give the time, if the Obſervation was taken in the Morning. 


Hour if it be in the Afternoon, but ſubſtracted from Twelve Hours 


Again, if thro' the ſame point X, a Vertical Circle as Z KEN 
be drawn, the Arch of the Horizon EH will give the Sun's Azimuth 
at that time, that is how much he appears to the Eaſtward of the 
Meridian if it be in the Morning, or how much to the Weſtward 


if it be in the Afternoon. 


Laſtly, when.the Sun arrives at & it is then Mid-day or High 
NF. and if the Declination 4 & in this Caſe be added to the Com- 
plement of the Latitude AH, it will give the Sun's greateſt Meridian 
Altitude S H, but ſubſtracted from the Arch Z A equal to the Latitude 
of the Place, will leave Z > the Meridional or leaſt Zenith Diſtance, 

Let us now ſuppoſe the Sun to be in the firſt point ot Capricorn, 
or moſt Southermoſt point of the Ectiptic, that is, as far diſtant 
from the Equator towards the South, as he was in the former Caſe. 
to the Northward, then will Er the Tropic of Capricorn, be- 
come the Parallel of his diurnal Courſe ; whence it is obvious, 

1. That Or the Sun's Depreſſion at Midnight in this Caſe, is e- 

ual to AS his Meridional Altitude in the former, for the Arches. 

AHA HAAS. | 

2. That Hy his Meridional Altitude in this Cafe, is equal to 
OX. his greateſt Depreſſion in the former, far the. Arches HA A 


3. That his Aſcenſional Difference Y E in this Cafe, is equal to 
the Aſcenſional Difference Y © in the former, for the Friangles 
Y EFand Y © Bare equal: And becauſe the Oblique Aſcenfion 
in this Caſe-is more than the Righe Aſcenſion, bur leſs in the former 
it. follows, CM ey a 

4: That the time of the Sun Riſing in the preſent Caſe, is the 
ſame with the time of his Setting in the former Cafe, and conſequent- 
ly. the time of his Setting in the former, the ſame with the time of 
his Riſing in this. | 

5. That the Semi-diurnal Arch S © in the former Caſe equal to 


the Arch of the Equaror A is equal to the Semi- nocturual Arch r E 


in this Cafe, equal to the Arch of the Equator QF, and conſequently 
the length of the Day in the former Caſe, is equal to: the length of 
the Night-in the preſent Caſe. : 
6. That the Semi-noQurnal Arch © Fin the former Cafe equal 
to the Arch of the Equator BQ, is equal to the Semi-diurnal A 
| ve 
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E in this Caſe, equal to the Arch of the Equator AY; whence it 
follows, that the length of the Night in the former Caſe, is the ſame 
with the length of the Day in the preſent. i 

7. That the Amplitude Y & in the tormer Caſe, is the ſame with 
the Amplitude Y En the preſent Caſe, but the contrary way, and 
.conſequently the Sun Riſes and Sets as much to the Southward of the 
Eaſt and Weſt points in this Caſe, as he does tothe Northward of 
the Eat and Weſt in the former; and conſequently, 

8. The Amplitude is at all times the ſame way with the Declina- 
tion, that is, if the Sun be to the Northward of the Equator, ve 
North Declination, he Riſes aud Sets to the Northward of the Eatt 
and Welt points of the Horizon, but if he be to the Southward of 
the Equator and have South Declination, he Riſes and Sets to the 

Southward of the Eaſt and Weſt. 
And theſe Laws obtain at all equal degrees of Declination, on 
contrary Sides of the Equator. p 

If the Place be in South Latitude, that is, if the South Pole be 
elevated above the Horizon, then the Semi- nocturnal Arch in the for- 
mer Caſe becomes the Semi- diurnal Arch in this Caſe, and the Semi- 
nocturnal Arch in this Caſe becomes the Semi- diumal Arch in the 


former; and conſequently the length of the Day in the former is 
equal to the length of the Night in the latter, and the time of the 
Sun's Riſing in the one, the ſame with the time of the Sun's Settin 
in the other; and this will happen at all equal degrees of Latitude 
and Declination, but of contrary Denominations. 
Let us ſuppoſe the Sun in the Equator, then will 4Y © be its 
diurnal Path; whence it is manifeſt, _ | 
1. That the Midnight Depreſſion O, is equal to the Meridion- 
al 3 A, and each equal do the OT of the Latitude 
P = | 
2. That the Semi- nocturnal Arch Y Q is equal to the Semi-diur- 
nal Arch A V, for the Horizon HO divides the Equator 4 Q into 
two equal parts in the point V, and this Equality of Days and 
Nights happens to all the Jahabitants upon the Earth, except 
under the very Poles, at which time the Sun moves in the common 
Horizon of each, and the perpetual Day begins to the Inhabitants 
under the North Pole, and the continual Night to thoſe who dwell 
under the South Pole when the Sun enters into the firſt point of Aries, 
and the contrarytwhen he enters into the firſt point of Libra, that is, 
the continual Day ends to Wir Inhabitants, and the Sun ap- 
| 2 co 
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pears to the Southern and conſequently their perpetual Day be- 


ns. 
* 3. That the Aſcenſional Difference vaniſhes, for the Oblique A(- 
cenſion, Deſcenſion, and Right Aſcenſion are the fame, and conſe 
quently the Sun Riſes and Sets at the Hour of Six. 

4. That there is no Amplitude, for the Sun Riſes in the Eaſt 
point of the Horizon, and Sets due Weſt. 

5. That if about the point Z as a Pole, a Parallel be deſcribed at- 
the diſtance of the Complement of the Altitude, the Arch of the E- 
quator TA intercepted between this Interfection Tof the Parallel of 


Altitude, will ſhew the Hour from Noon. 


6. That the Arch of the Horizon FE intercepted between the 
Vertical Circle Z ET N and the Meridian ZH will ſhew the Azi- 
muth of the Sun at the ſame time. * 

After the ſame manner may the time of the Riſing, Setting, Cul- 
mination, c. of any Star be determined, povided the Difference of 
the Right Aſcenſion or Arch of the Equator intercepted between the 
Meridian paſſing thro! the Sun and Star be known. | 

How: the DoGrine of Spherical Triangles is applied to determine 


the length of any Part or Portion of any of the Great Circle in theſe 


Projections, and conſequently to determine the exact time of the 
Riſing and Setting of the Sun, his Amplitude, Azimuth, Cc. ſhall: 
be tha Buſineſs of che next Section 


Afrronomical Problems: hy 45: 
ric SER GRABS ASS RR 
8 ECT. III. 88 5 


Contabing the Application of Spherical Trigonometry 
to the Solution of the chief and primary Poblems of 
Aſtronomy, ariſing from the diurnal Motion of the 


Sun, or the Rotation of the Earth about her Axit. 


And which are of two Sorts... 


Eneral, viz. fack as are common to all the Inhabirants up- 
on the Earth at tha ſame time, and ſuch are thoſe that re- 
ire the Sun's Right Aſcenſion, and Declination, his Place being 


15 iven, Cc. 
* Or, 


2. Particular, that is variable in different Latitudes, and ſuch are 
thoſe that from the Latitude of the Place, and the Declination of 
the Sun require. 

1. His Amplitude, Riſing, and Setting, that is, how many de- 
dgrees he Riſes or Sets, from the true Eaſt or Weſt points of the 
Horizon. 

2. His Aſcenſional Difference, or how long time he Riſes or Sets 
before or after tne Hour of Six, and thence the exact time of his 
Riſing or Setting in any Place. 

3. His Height at the Hour of Six: 

4. His Azimuth, or upon what point of the Compaſs he n 5 
at the ſame time. 

5. His Height when he appears due Eaſt or Weſt. 

6. The time when he appears due Eaſt or Weſt: 

His Height at any time when he is in the Equator- 

'8. His Azimuth at any time when he is in the n | 
Nt His Height at any time, when he is in * other point of the 

liptic. 


10. His Azimuthat any time when he is in any poie of the. E- 
cliptic... Of 


1. 
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POPlk each of theſe in their Order. 8 
And becauſe the Sun's Place in the Ecliptic is ſuppoſed to be firſt 
known or given in all Problems of the here, let it be required in 


Prob. IJ. 


From the Sun's Longitude and greateſt Declination (which ac- 
cording to the Correct Obſervations of the late Celebrated Mr. Flan- 
feed, is found to be 23 deg. 29 min.) to find his preſent Declination 
and Right Aſcenſion, 

Example. 


On the 7th of May 1720, at Noon, according to the Flamſteedian 
Solar Tables, the Sun was in Taurus 27 deg. 3 3 min. 57 ſec. let it be 
required from thence, to find his preſent Declination and Right Al- 
cenſion, his greateſt 'Declmation or the Obliquity of the Ecliptic, 
being fixed as before at 23 deg. 29 min. 

The Steereographic Solution. 
i p 4+ Upon the Plane of the Solſtitial 
2 Colur 


e. 
„ «&P +. WY x, Thro' the Center V of the Circle 
2 XP SA repreſenting the Solſtitial Co- 
| 1/ *1 8 Equator 4 J , and 
A le Kight-angles to it the Axis, or in 
this Caſe the Equinoctial Colyre PV, 
4 WE | K then will P be the Northern Pole, and 
, {| | S the Southern. 
F 2. Draw the Ecliptic S V M, form- 
"ow - 2 
ing an Angle of 23 deg. 29 min. with 
the Equator AQ, and croſs it at Right- angles with its Axis PS. 
3. Set off the Semi-tangent of 57 deg. 33 min. 57 ſec. the Sun's 
Longitude from V towards S to'©, then will. O repreſent the Place 
of the Sun in the Ecliptic. 
4. Thro © ;and the Poles P and S, draw the Hour Circle PORS, 
then vrill OR be the Sun's preſent Declination, and YR his Right 
Aſcenſion from V, each of which may be meaſured'by Caſe the 24 
and 3d, of:Problem the 7th, of Seftion the ad, of Part the 4th. The 
mY 4 


Aſtronomical” Problems. 

2. The Stereographic' Solution upon the Plane of the Equator, 

1. Thro' P the Pole of the Circle VA 
Q repreſenting the Equator, draw 
the Equinoctial Colure , and at 
Right- angles to it the Solſtitial Colure 
APS 0. 

2. Thro' the point Y draw the E- 
cliptic V =, forming an Angle of 7 \ 
23 deg- 29 min. with the Plane of the 
Projection, (by Caſe the 3d of Problem 
the 9th, of Sefton. the 2d of Part the 


) 

3. Set off the Sun's Longitude 57 
deg, 33 min. 57ſec. in the Ecliptic, KW. | | 
from V to 2, and draw the Hour Circle PD , then will OR be 
the Sun's preſent Dechination, and V & his Right Aſcenſion from 
the firſt point of Aries, each of which may be meaſured (by Caſe the 
ad and 3d of Problem the 7th, of Seftion the 2d of Part the 4th. 

3. The Stereographic Solution upon the Plane of the Ecliptic. 

x. Thro' p the Pole of the Circle | 

Y v = repreſenting the Ecliptic, draw Ga) 

the Circle of Cœleſtial Longitude Y , | 

and at Right- angles ta it the Solſtitial 
Colure G % . | | 

2. Set aff the Semi-tangent of 23 deg. 
29 min. in the Solſtitial Colure from py 
to P, then will P be the place of the 
North Pole, about which as a Pole (oc 
which is the ſame thing) thro” the point 

Y draw- the Equator T 4 =, at an 
Angle of 23 deg, 29 mit» with the E- 
diptic Y WY Q. | ge 

3. Set off the Chord of 57 deg.. 33 min. 57 ſec · in the Ecliptic 
from Y to ©, and draw the Hour Circle PR ©, by Problem the 18 
of Section the 2d of Pays the 4th, to cut the Equator in N, then will 

Y R be the Aſcenſional Difference, and R & the preſent Declinati- 
on, each of which may be meafured by Caſe the 3d of Problems the 


7th; of Section the 2dof Part the t * 
ec 
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Bo But to determine their Quantity by Calculation, 
In the Spheriral Triingle Y' © R (See each of the three Projeflions) 
Right-angled at R, are given Y the Sun's Eongitude from the next 
Equinoctial point , equal to 57 deg. 33 min. 57 ſec. and the An. 
gle © Y-R the Sun's greatelt Declination, or the'Obliquity of the 
-Ecliptic, equal ro 23 deg. 29 min. whence (by the 24 Example of 
« Caſe the 5th, ol Right-angled Spherical Triangle, ) | 
A440 find the preſent Declination. 

It will be, As R. S. O R: :S. TO: S. R; that is, 
As the Radius — — 10. ooooooo 


To the S. of the Sun's Longitude from Aries 57.33.57 9.926346 
So is the Sine of his greateſt Declination 23 29 ——9.6004090 
TH SS _—_— 


To the Sine of the preſent Declination 19.35.10 9.526755 


Which is North, becauſe the Sun is in the Northern Signs. 
Let the Circle of Right Aſcenſion Po $ (Gee the 1ſt Figure) be 
drawn, to cut the Ecliptic in the point o, as far diſtant from the E- 
quinoctial point V in the Southern Semi- circle, as che point © is 
diſtant from the Equinoctial point in the Northern Sẽmicircle, then 
will the two Spherical Triangles Y OR and Jo Right-angled at 
Rat v be equal in all reſpects, and conſequently the Side vo of the 
Triangle Y or, equal to the Side OR of the Triangle Y © R, 
and becauſe the Pole or Center of the Circle P © SA, is common 
to the two Equinoctial points Aries and Libra, it follows, that 
when the Sun is at the ſame diſtance from either of the Bquinocial 
points Aries or Libra, that then the Quantity of the Dceclination is 
the ſame, but of different Denominations, according as the Sun is 
converſant either in the Northern or the Southern Signs; ſo that in 
the preſent Caſe the Declination 19 deg. 39 min. 10 ſec. 4, is com- 
mon in the Northen Signs to en neee 
827 3357, and Q oz 26 03". 
$99.16; And in the Southern Signs to 
Mi 0: agent N 27 33 57 and Koi 26 03"; „„ 
Each of which points are diſtant 57 deg. 33 min. 57 ſec. from the 
next Equinoctial point. n 
2. To find the Right Aſcenſion, it will be by the 24 Example of 
the 4th Caſe of Right-angled Spherical Triangle, bg 


. 
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AsR:cs, OR::t,V ©:t,97R; that is, 
As the Radius —n —— - 100000000 


To the Co-ſine of the Sun's greateſt Declin. 23.29 9. 96245 27 
So is the T. of the Suns Longitude from Y 57.33.57 10. 1969 144 


To the Tang. of the Right Aſcenſion $5-17.034—— 19.1593671 


And becauſe in the two Right-angled Spherical Triangles Y © R and 
Vor (Ee the 1ſt Figure) the Side ] R of the Triangle Y © R, is e- 
qual to the Side V of the Triangle Vor, it is manifeſt, that the 
ſame Quantities of Right Aſcenſion numbreꝗᷓ from the neareſt Equi- 
noctial points, correſpond with the ſame Quantities. of Longitude 

numbred from the ſame Equinoctial Point Wherefore, to find 
the Right Aſcenſion from the firſt point of Aries obſerve, 

1. It the Sun be in the firſt Quadrant of the Eclipeic, that is, be- 
tween the firſt point of Aries and the firſt pgint of Caxcer, then the 
Right Aſcenſion found is the Right AſcenGon numbred from the fir 
point of ries; thus in the preſent Example, becauſe the Sun is ſup- ; 
poſed to be in the firſt Quadrant of the Ecliptic, that is in Taurus #4 
27 deg. 33 min. 57 ſec. the Arch of the Equator VR equal to 55 
deg. 17 min. 03 ſec. 5 found by Calculation, is the Right Aſcenſion 
numbred from the firſt point of Aries. VE as «. oh 

2. If the Sun be in the ſecond Quadrant of the Ecliptic, that is, 
between the firſt point of Cancer and the firſt point of Libra, then the 
Arch of the Equator given by Calculation, ſubſtracted from, 185 deg. 
(the Right Aſcenſion of the firſt point of Libra) will give the Right 
Aſcenfion numbred from the firſt point of Aries; for Example, Sup- 
poſe the Sun at © in the ſecond Quadrant of the Ecliptic, to be in 
Leo 2 deg. 26 min. 03 ſec. which is as far diſtant from the Equinoc- 
tial point Libra, as in the former Caſe the Sun was diſtant from the 
EquinoQial point Aries; then in this Caſe, if the Arch of the Equa- 
tor = R equal to V R, equal to 55 deg.'17 min. oz ſec. à be taken 
from 180 deg. the Right Aſcenſion of the firſt point of Libra, the 
Remainder 124 deg. 42 min. 56 ſec. J, will be the Right Aſcenſion 
of the Sun numbred from the firſt point of Aries. 

3. If the Sun be in the third Quadrant of the Ecliptic, that is, be- 
tween, the firſt point of Libra and the firſt ppint'of Capricorn, then 
the Arch of the Equator found by Calculation, added to the Right 


Tilt | | <p Aſcen- 


Aſcenſion of che firſt point of Libra equal to 180 degtees, will gire 


the Right Aſcenſion numbred from the firſt point of Arier, as ſup- 


poſe the Sun at o in 27 deg. 33 min. 5 3 of the Sign of Scorpio, 
clipt 


which is in the third Quadrant of the ic, and as far diſtant 
from the Equinoctial point Libra, as in the firſt Caſe the Sun was di- 


ſtant from the Equinoctial point Aries; wherefore in this Caſe, it the 


Arch of the Equator. = y equal to VR, equal to 55 deg. 17 min. 03 
ſec. z be added to 180 degrees, the Right Aſcenſion of the fiolt point 


of Libra, the Sum 235 deg. 17 min. oz ſec- 5, will be the. Sun's 


Right Aſcenſion numbred from the'firſt point of Aries. 


4. If the Sun be in the fourth and laſt Quadrant of the Ecliptic, 


that is between the firſt point of Capricern and the firſt poly Of Aries, 


then the Arch of the Equagoc found by Calculation ſubſtracted from 
360 deg. will leave the R 


of Aries ; as ſuppolethe Sun to be at o, in 2 deg. 26 min. oz (ec. of 


ght Aſcenſion numbred from the firſt point 


Aquarius, which is in the fourth Quadrant of the Ecliptic, and as 
far diſtant from the EqumoGial point Aries as he was in the firſt 


Caſe, but on contrary Sides, wherefore if the Arch Vr equal to YR. 


equal to 55 deg. 17 min. oz ſec. à be taken from 360 deg. the Right 
Aſcenſion of the laſt point of Piſces or of the firſt point of Aries, the 


Remainder 305.deg. 42 min. 56 ſec. 3, will be the Right Aſcenſion 


of the Sun.numbred from the firſt point of Aries. 
After the ſame manner were the following Tables of the Sun's 


Right Aſcenſion” and Declination made, from the Sun's Place 
delivered in the firſt Table, and how the Sun's Place it {elf may be. 


Calculated, ſhall he hen in, its due Place. 2 
* Prob. I. 
Caſe 2. 


Given the Sun's greateſt Declination or Obliquity of the Ecliptic, 
aud his preſent Declination, to find his Longitude and. Right As- 


cenſion. | 


Epcamphe. 


Suppoſe the Sun's greateſt Declination- (as before fixed) 23 deg. 
29 min. and his preſent Declination 29 deg. 39 min. 10ſec. { North 


and increafing, and let it be required to find his Loogitude, and 


Right Aſcenfion from the firſt point of Aries... 


Hftronomical Problems. - 


Die Stereographic Solution upon the 
Plane of the Solſtitial Colure. | 

1. Having drawn the Solſtitial Co- 
lore PQ $ 4, the Equator AQ, and 
at Righr-angles to it the Equinoctial 
Colute P Y S, ſet off the Chord of 
23 deg. 29 min. the greateſt Declina- < 
tion from A to S or from © to , 
and draw the Ecliptic S Y , and 
at Right-angles to it its Axis ps. 


2. About the point P as a Pole, 
becauſe the Declination is North, +. a+ "os 
deſcribe the Parallel On at thediſtance of 0 deg. 20 min. 49ſec, 
equal to + e of the Sun's preſent Declination 19 deg. 
min. 10 ſec. 3. | E 
3. Thro the Interſection © of the Parallel m n, with the E- 
cliptic S © Y, draw the Circle of Right Aſcenſion p O RS and the 
thing is done; and the Arch of the Ecliptic Y & will be the Sun's 
Longitude, and Y R his Right Aſcenſion, to find each of which by 
Calculation, in the Spherical Triangle Y © RRight-angled at &, 
are given, SR the Sun's preſent Declination, and the Angle OV R his 
greateſt Declination, whence to find firſt the preſent Right Aſcenſion 
Y R, it will be by Caſe the grb of Right-angled Spheric Triangles, 
| As t, OY Rt, OR: RS. R; that is, 
As the Tangent of the greateſt Declination 2345.9 · 6379563 
To the Tangent of the preſent Dexlination 19.3 1 3788327 
80 il the Radiug — 3 


To the Sine of the Right Aſcenſſon 35.17.39 914865 4 


—ů— 


Now becauſe the Declination is North and increaſing, the Sun is 
in the firſt Quadrant of the Ecliptic, and conſequently the Arch laſt 
found 55 deg. 17 min. o; ſec 4, is his Right Aſcenſion from Aries 

2. To find the Longitude Y ©, it will be by the 10th Caſe of 
Right-angled Spherical Triangler, — N 


Tiiiz 88 As 
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As S. O YR: S. OR: : RS. OV ; that 127 
As the Sine of the Sun's greateſt Declination 23. 29.9.6 ͥ % 


To the Sine of | the preſent Declination 19.39. 105 . 9.5267557 


— 


To the Sine ate S's Lojgitide 57.33.97 ——©99261407 


Which Arch of 57 deg. 33 min. 57 ſec. becauſe the Sun is in the 
firſt Quadrant of the Ecliptic, muſt be counted from the firſt point 
of Aries, and conſequently the Sun is in 8 27 deg. 33 min. 57 ſec. 

If the Declination had been North and decreafing, then the Sun 
had been in the ſecond Quadrant of the Ecliptic, and conſequently 
the Arch of the Equatar 55.deg. 17 min. 03 ſec. laſt found; taken- 
from 180 degrees, the Right Aſcenſion anſwering to the firſt point of 
Libra, will leave 124 deg. 42 min. 56 (ec. 7, the Right Aſcenſion. 
from the firſt point of Aries; and the Arch of the Ecliptic 57 deg. 
33 min. 57ſec. numbred back from the firlt point of Libra, will give 
the Sun's Place in Leo 2 deg. 26 min. 03 ſec. + 

If the Declination had been South and increaſing, that is, if the 
Sun had. been in the third Quadrant of the Ecliptic, then the Arch 
of the Equator z 5 deg. 17 min. 3 2 added to. 180 degrees, will 
give 235 deg. 17 min. 03 ſec. 3, ſor the Right A ſcenſion from Aries, 
and the Arch of the Ecliptic 57 deg. 33 min. 57 ſee. counted fer- 
wards from the firſt point of Luv, will give 27 deg. 33 min. 57 ſec. 
in the Sign of Scorpio, for the Sun's Place. _ 5 

If the E had. been South decreaſing, that is, if the 
Sun had been in the fourth or laſt Quadrant of the. Ecliptic, then the 
Arch of / the Equator 55 deg/ 17 min. 03 ſec. 4 taken from 360 deg: 
will leave 304 deg. 42 min. 56 ſec, 7, for the Sun's Right Aſcenfion 
from Aries, and the Arch of the Ecliptic 57 deg 33 min. 57 ſec. rec- 
koned backward from the laſt point of -Piſce;, will give 2 deg. 26 
min. oz ſec. in the Sign of Aquarixs, for the Sun's Place. 


This Problem is of We in finding the Sans true Place in tba Etiptic,. 
and thence the Error of the Solar Tables, if any there be; ſince from the 
Sun i Meridional Altitude obtained by a good Quadrant, the Latitude of 
the. Place of Qbſervation being firſt known, the: Declination of the Sun at 
that #ime is eaſily had, as Hall be ſhewn hereafter. 


Prob... 


Aftronomicat Problems. K 
© — — 
Given the greateſt Declination or Obliquity of the Ecliptic, and 
the Right Aſcenſion, to find the preſent Declination, Longitude, 


and Angle formed by the Ecliptic and Meridian, or Circle of Right 
Aſcenſion paſſing thro' the Sun, c. | 


. ow 


The greateſt Declination or Obliquity of the Ecliptic, being 2 


deg. 29 min. and the Right Aſcenſion 55 deg. 17 min. 03 ſec. 4, 1 
demand the Declination, Longitude, and Angle formed by the E- 


cliptic and Meridian. * 

The Stereographic Solutiom a 
1: Having drawn the Solſtitial Co- 1 
jure P S A, the Equator 40, and "> 

at Right- angles to it the Equinoctial 8 
Colure 4 Y ©, ſet off the greateſt 
Obliquity of the Ecliptic, from A to 
or from Q to , and draw the 

Ecliptic 2 , and at Right Angles, A 
to it its Axis p 5. N 


2. Becauſe the Right Aſcenſion is 
leſs than a Quadrant, ſer off the Se- » 
mi-rangent of 55 deg. 17 min. og 3, S 


in the Equator from Y to R, and draw the Meridian or Circle of- - 
* Aſcenſion RS and the thing is done; and the Longitude 
O may. be meaſured by Caſe the 2d of Prob. the 7th, of. Si. the 
3d; the Declination © R by Caſe the 3d of the ſame Problem, and 
the Anple of the Ech tic and Meridian Y OR. by Caſe the 34 of 2 
Problem the 10th of the ſame Se; but to. determine their juſt. 


Quantities by Calculation, in the Spherical Triangle LR, Ri 
angled at Rare given, the Angle OV Rthe greateſt Obliquity of the 
Ecliptic, the Side Y R the Right Aſcenſion, whence to find 


Caſe of Right Angled Spherical Triangles; 


—_—> 


1. The Declination © R, it will be by the 24 Example of the 815. 
As : 


2 


1 


ing to i 
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As R :S. R:: t, SV. t, ©R; that is, 
As the Radius · _ — —— — * Io. oocoooo 


To the Sine of the Sun's Right Aſcenſion 5 5.17.03 —9.91 48651 


So is the Tangent of the greateſt Obliquity 23.29——9. 6379563 


To the Tangent of the preſent Declination 19:3908—9 5528214 
Which is North, becauſe the Right Aſcenſion is leſs than 1s bo. 


grees. | 


But if the Right Aſcenſion had been more than 180 degrees, the 
Declination had been South. a 
2. To find the correſpondent Longitude, it will be by the 2d Ex- 


ample of the 6th Caſe of Right-angled Spherical Trins les, 


As R: cs, YR ct, Rect, S; that is; 

As the Radius ——————---10,0000000 
To the Co- ſine of the greateſt Declination 23.29 9.962452) 

do is the Co- tang of the Right Aſcenſion's5,17.034——9.8406339 


To the Co- tang. ol the correſponding Long. $7-33-57 9.803 0866 


Now becauſe the Right Aſcenſion is leſs than a Quadrant or 90 
Degrees, the point in the Ecliptic correſponding to the given Degree 
of Right Aſcenſion is 8 27deg; 33 min. 57 ſec. 6 

And accordingly the competent Longitude found, reckoned back- 
ward or forward from either Equinoctial point, as the point of 
Right Aſcenſion happens to be in either of the four Quadrants of 
the Equator, will give the correſpondent point in the Ecliptic anſwer- 


o it. | + | 
Thus if the Right Aſcenſion had been 124 deg. 42 min. 56 ſec. 2, 


then the correſpondent point in the Ecliptic had been & 02 deg. 26 


min. oz ſec. if the Right Aſcenſion had been 235 deg. 17 min. 3 ſec4, 


rhen the correſpondent point had been M 27 deg. 33 min. 57 ſec. 
the Right Aſcenſion had been 304 deg. 42 min. 56 ſec. *, then the 


correſpondent point had been = 2 deg. 26 min. 3 ſec, each of which 
points being equally diſtant from the next Equinoctial point. . 
To find the Angle YR, formed by the Ecliptic and the pro- 


3. a 
per Meridian, it will be by the 24 Example of the 7th Caſe of Right- 


angled Spherical Triangles, 
As 


Hftronomical Problems. 
R: cs, TR:: S. OR: ft, that is, 
As the Radius — —— — . — 33 


7— 


To the Co de of the Right. 1 —— 
So is the S. of the-groarer Obliquity 23 n 


To the Co- ſine of the Angle of the Eclipric and Me- we 
rien 76.4 2-5 gh-—mm———_ gr — 9.355907 


AS 
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This Problem i is of Uſe in fading ont the Nonagefmal Degree or higheſt 
point of the Ecliptic, its Altrtude above the Morizen at am given time, 
whence the true Altitude of the Sun, Moon, or Planet, may be inveſtiga- 
ted, and thence their Paralaxes in Altitude, Right Aſcenſion, Declina- 
tion, Longitude and Latitude, may be determined, which is neceſſary to 
be. known, in the Calculation of Solar Eeligſes, and the Moqn's Tranfits 
ouer the fixed. Stars, & great Uſe in pronouncing the difference f 
Longitude berween thoſe Places whence they can * as 9 _ 
appear in the latter part J. this Treatife. 


There may be as many Vadis of this Problem as there are 
Caſes i in Right-angled Spherical Triangles, but as well in this as in the. 
felowing Problems, I ſhall-give an actual Solution to fuch-only as I. 
ſhall) — and leqverhe re Eee . 
Young — SIC 


| 


Prob. I. 


FE hs " Gale 4. 


Given he Sun's Right Acenſ on 55 deg. 17 min. 03 2 ſee. 3, and 
the preſent Declination 19 deg. 39 min. 10 ſec. 3, to find the — 
eſt Declination, Longitude, and the Angle formed by the . 
and the — 


Anfwer. 
The Sun's Longitude is 57 deg. 33 min. 57 ſec. his 


greateſt De- 
tination 23 deg. 29 min. and Angle formed by theEcliptic and pro- 
per Meridian 76 deg. 52 min. 59 ſec. 5. 4 Caſe 
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Caſe * A, Jo 6 : 


Give: the Son $ Longirnde 57 dep. 33 min. 57 ſec; and his 5 pre- 
ſent Declination 19 deg. 39 min 10 tec. 3 required tus * 
clination, Right Aſcenſion, and the A mary hy i 
and FR gy" 5 


9 8 - 
* a >? " , ' * * 


1 
- 


N 5 — | —— — e., 
| nf e cd. 


The greateſt Declination 1 is a5 deg. 29 min. the Right Aſcend ion 
55 deg. 17 min. 03 ſec. 7, and the Angleformed by the © and 


| the proper. } Meridia 7s * 52 min. 59 ſec. 4 4 "4 


* 


x wy” f þ * £Y P . 
b * ' . 
” © FS. * = . 4 Caſe 6 ; a , 141 = P: 
* \ | * 


+ 


Oben che Sur's PP 35 deg. 79 6 min. 1 77 ad: 9 fis Rive Af. 
2 cenfion 55 deg. 17 min. og ſec. 4, to find hisgreateſt and preſent De- 


1. and formed W. the Ecliptic and the proper Me- 
ridian. . * 


: tz : 
— 474 9 7 6 


Auer. 3F 
13 in £45 5 : Firing 


"The: 2 Declination ds 23 deg. 29 min. the ARG Declina 
tion 19 deg. 39. min. 10 ſec. 2, and the Angle formed by * 
and the proper Meridian i is 76 deg. 2 min. 59 ſec. 28. 


RY Ca ſe'7. «py 


Given the greateſt Dedination 23 des 29 min. and the Angle for- 
med by the Ecliptic and the proper Meridian, to find the Longitude, 


Right Alcenkon, any IE Declines. . dne 1 
1 2 2 5 
8 Auſver 7 293 


22 Th | 

The Legitude! is 57 245 33 min. 57 ec. the IA Dedination 

is 19 deg. 39 min. 10 ſec. 4, and 855 Right Aſcenſion 55 deg. 17 
min. oz ſec · 4. 

TB 5 1 Fn 2 2 * k : Ny 1 „ 


* 1 Pl C4 - - 
— * * 9 bk. 
K 1 * * 0 . 
1 * ” P * : : ? 4 be * = ” * - — ? F : * 1 * £ | F 4 7 "Cs 7 
0 : ; CT ILS . | : , c 
' 2 . . . * » » 4 * o . 0 4 0 15 1 3 » k 4 , 

a 3 * 5 f 4 
. 1 * N 
17 + ins [ 
. * + + 5 * j 


** 


— - x " 


. 


| Aſtronomical Problems. N 257 


Caſe 8. 


Given the Sun's Longitude 57 deg. 33 min. 57 ſec. and the Angie 
formed by the Ecliptic and the Meridian 76 deg. 52 min. 59 ſec. K. 
to ſind the Suns Right Aſcenſion, greateſt and preſent Declination. 


E Anſwer. 


The Sun's Right Aſcenſion is 55 deg. 17 min. 03 ſec. , his great- 
eſt Declination 23 deg. 29 min. and his preſent Declination 19 deg, 


39 min. 10 ſec. 4. 


Caſe 9. Doubtfull, - 


Given the Sun's Right Aſcenſion 55 deg. 17 min. oz ſec. 4, and 
the Angle formed by the Ecliptic and the Meridian 76 deg. 52 min, 
59 ſec. a, required his Longitude, greateſt and preſent Declination. 


. Anſwer. 


His Longitude is 57 deg. 33 min. 57 ſec. his greateſt Declinatjon 
2z deg. 29 min. and his preſent Declination 19 deg. 39 min. 10 ſec. 


ba 10. 

Given the Sun's preſent Declination 19 deg. 39 min. 10 ſec. 2, 
and the Angle formed by the Ecliptic and the Meridian 76 deg. 52 
min. 59 ſec. 5, to find his greateſt Declination, Longitude, and 
Right Aſcenſion, | 

Anſwer. + 


The greateſt Declination is 23 deg. 29 min. the Longitude is 57 
deg. 33 min. 57 ſec. and the Right Aſcenſion 55 deg. 17 min. 03 ſec. . 


The Obliquity of the Ecliptic, or the Inclination of the Axis of 
the Earth to the Plane of the Ecliptic, is the Principal Poſtulatum 
upon which all the Calculations and Concluſions relating to the Sun, 
Moon, Planets and Fixed Stars intirely depend, and a Knowledge 
of the juſt Quantity it contains is of that Importance in all Aſtrono- 
mical Matters, that the chief Aſtronomers in all times have made it 
one of their firſt Endeavours, to determine it as exactly as poſſible; 
Ptolomy, who lived 140 Years after Chriſt, fixed it at 23 deg. 51 min: 
20 ſec, the ſame as Ariſtarchus, Eratoſthenes, and Hipparchus had 
done; each of which lived before Chriſt, and the firſt of them 280 
| Ekkk Years 
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Years, the ſecond 230, and the laſt 140 Years; and this was gene- 
rally received till Almamon the Caliph of Babylon, and the Aſtrono- 
mers of his time, particularly Jabhia Ebn Abimanſar, and Benimu la 
in the Plains of Bagdad, about the Year 825, altered it to 23 deg. 
35 min. this was afterwards confirmed by Mchammed Ebn Gabor in 
the Year 880, but about the Year 901, Thabet Ehn Corra fixed it at 
23 deg. 33 min. 30 ſec. and in the Year 992, Alu Mahmud Al Cogandi 
with a Sextant of 40 Foot Radius, determined it to be 23 deg. 32 
min. 21 ſec. and about 277 Tears after Cojah Naſiroddui a Perſian No- 
bleman in the Year 1269, pronounced it to be but 23 deg. 30 min. the 
ſame that the Prince of Heſſe made it ſome Hundred of Years after, 
Ebn Shatir of Damaſcus, iu the 1363, Corrected the Obliquity as he 
ſays, not forgetting the Sun's Parallax, and makes it 23 deg. 31 min, 
and Prince Uleg Fieg and the Aſtronomers of his time, with large Inſtru- 
ments and great Care in the Year 1437, made it 23 deg. 30 min. 17 
ſec. the famous Tycho, who lived about r20Years*ago made it 23 deg. 
31 min. 30 ſec. and the great Hevelius, 23 deg. 30 min. 20 ſec. but the 
greateſt Aſtronomer that the preſent Age has produced the late Reve- 
rend Mr FramsTEED, found it to be but 23 deg. 29 min. upon 
which Suppoſition, the Reader will meet with (in the firſt Yol. of this 
Work) a Table ſhewing the Declination of the Sun, to every Degree 
and Minute of the Ecliptic. : | 

Ithought ir not amiſs to inſert here this ſhort Hiſtorical Account 
of Matters of Fact, that ſo the Reader may the better account for 
the different Obliquities of the Ecliptic, or greateſt Declination of 
the Sun, that he may meet with in different Writers upon this Sub- 
je&.; not that he mult from hence conclude that the Obliquity of 
the Ecliptic it {elf has ever altered, but that the different Determi- 
nations of it have ariſen from the Imperfections of the Inſtruments 
made Uſe of, the badneſs of the Obſervations, and the want of a 
true Knowledge of the Parallaxes and Refractions of the Heavenly 
Bodies. He that is deſirous of ſeeing a farther Account of theſe 
Matters, may conſult the Philoſophical Tranſaction: No. 163, and 
Mr. F rt amsTEED'S Hiſtorical Preface, © 


Prob. II. 


The Latitude of the Place being given, and the Declination of 
the Sun, to find his Amplitude, that is, how far he Riſes and Sets 
from the true Eaſt and Weſt points of the Horizon, his Oblique Aſ- 

| | cenſion 


Aſtronomical Problems. 259 


cenſion, or the Degree of the Equator that Riſes with him, his O- 
blique Deſcenſion, or the Degree of the Equator that Sets with him, 
his Aſcenſional Difference, the time of his Riſing and Setting, with 
the Length of the Day and Night. 


Example. 


In the Latitude of 5 r deg. 32 min. North, the Sun having 19 deg. 

39 min. 10 ſec. 3 of North Declination, I demand his Amplitude, 
Aſcenſional Difference, time of Riſing, Setting, c. 

The Stereographic Solution upon the Plane of the Meridian, 

1. Having drawn the Meridian 
ZO NH, the Horizon HO, and at 
Right-angles to it the Prime Vertical 
ZN, ſet off the Latitude of the Place 
51 deg. 32 min. from O to P, and 
draw the Axis or Six a Clock Hour 
Circle: P S, and at Right-angles to it 
the Equator 4 Q. 1 


2. About the Northern Pole P at 2 
the diſtance of 7odeg. 29 min. 49 ſec. 4, S 
the Complement of the Sun's Decli- N 
nation, (becauſe the Declination is 
North) draw the Parallel #© q, (by Caſe the 24, of Problem the 4th; 
of Section the 2d.) of Declination or Parallel of the Sun's diurnal 
Courſe m © q, where this Parallel interſe&s the Horizon as at ©, 
it gives the Place of the Sunzjat his Riſing and Setting · 

3. Thro the point of the Interſection ©, and the Poles P and S, 
draw the Hour Circle p © & and the thing is done; then will Y © 
be the Amplitude, and / R the Aſcenſional Difference; each of 
which may be meaſured (by Caſe the 24 of Problem the 7th, of Sec- 
tion the 2d.) | | | 

zd, The Stereographic Solution upon the Plane of the Equator, 

1. Having drawn the Equator Y A O Q, the Axis or Six a Clock 
Hour Circle Y p O, and at Right - angles to it the Meridian A PZ 9, 
ſet off the Semi-tangent of 38 deg. 28 min. the Complement of the 
Latitude of the Place from P to x, then. will z repreſent the Zenith 


of London in this Caſe. 
KK kk 2 2. About 
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” 2. About the Point & 48 a Pole, 
deſcribe the Great Circle Y O, 
by ſetting off the Tangent of 38 deg. 
28 min. from P towards Z for the 
Center, this will repreſent the Ho- 

rizon. | 
3. About the point Pdeſcribe the 
Parallel of Dechnation, or Parallel 
of the Sun's diurnal Courſe © m ©, 
at the diſtance of the Semi- tangent 
of 70 deg. 29 min. 49 ſec. +, the 
Complement of the Declination in 
this Caſe, becauſe the Sun is to the 


Northward of the Equator. = : 
4. Thro' the Interſe&ion © of this Parallel, with the Horizon be- 
| fore drawn, draw the Hour Circle P OR and the thing is done ; then 
will YR be the Sun's Aſcenſional Difference, and Y © the Ampli- 
tude, each of which may be meaſured by the iſt and 3d Caſes of 
Problem the th, of Seftion the 2d. 
3d, The Stereographic Solution of the Jame Caſe upon the Plane of the No- 
riæon. | 

1. Having drawn the Horizon 
HQ, the Prime Vertical YZ Q, 
and at Right-angles to it the Me- 
ridian HA O, ſet off the Semi- 
tangent of 38 deg. 28 min. the Com- 
plement of the Latitude from Z to 
P, and draw the Six a Clock Hour 
Circle V 2, by ſetting off the 
Tangent of 51 deg, 32 min. the 
Latitude of the Place from Z to C 

for the Center. 


2. About the Pole point P, draw the Equator Y A ©, (by Caſe 
the zd, of Problem the 24, of Section the 2d) and the Parallel of the 
Sun's diurnal Courſe © 9, at the diſtance of 70 deg. 29 min. 40 
fec. 5, the Complement of the Sun's Declination. becauſe the Sun is 
on the Northern Side of the Equator, (by Caſe the 34, of Problem the 
4th, of Section the 2d. | | | 

3. Thro* 
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2. Throꝰ the Point of Interſection © of this Parallel with 
Fa draw the Hour Circle POR, by Problem the by * _ 
the 2d; then may VR the Sun's Amplitude, and Y © the Aſcenſional 
Ditference, be meaſured by the 1/ and 34 Caſes of Problem the 7th 
of Section the 2d. | | ; 
4th, The Stereographic Solution of the ſame Caſe upon the Plane of the E- 
; | cliptic, 
I. Having drawn the Ecliptic 
S, the Meridian S AV, 7M. 
and at Right-angles to it V, m 


ſer off the Semi-tangent of 23 deg. H 
29 min. the diſtance between the R. _— R 
9 /x 2 


Pole of the World and the Ecliptic * NN. 
— — p, => will p reprelent 5 Q 
the Northern Pole. | We Fir; 
2. About the Pole , draw the ; 1 
Equator Y 42 (by Caſe the 3d, A 

of Problem the 2d, of Section the 2d) | 

and the Parallel & 9 of the Sun's Kay 

Diurnal Courſe, at the diſtance of h 

70 deg. 29 min. 40 ſec d. the Complement of the Sun's Declination, 
becauſe the Sun is to the Northward of the Equator, by Caſe the 
zd of Problem the 4th, ot Seſtion the 24. * 

3. Set off the Semi-tangent of 14 deg. 59 min. the diſtance be- 
tween the Pole of the Ecliptic and the Zenith, from 7 to Z, and a- 
bout the point Z as a Pole, deſcribe the Great Circle © #7 © 2. 
by Caſe the 3d of Problem the ad, of Seftion the 2d, this will repre- 
ſent the Horizon. a FA 

4. Thro' the Interſection © of the Paraliel before drawn, and 
the Horizon, draw the Hour Circle P © R and the thing is done; 
and R the Sun's Amplitude, and Y © his Aſcenſional Difference, 
_— meaſured by the iſt and 3d Caſes ot Problem the 7th, of Sctiun 
the 
But to determine their juſt Quantity by Calculation, 

In the Spherical Triangle Y © R R.ight-angled at R, (See each of 
the four Conſtructious) are given, OR the Sun's preſent Declination, 
and the Angle / R equal to the Arch QO, the Complement of 
the Latitude of the Place ; whence i 

- 1. To 


— 
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1. To ſind * © the Sun's Amplitude, it will be by Caſe th 
roth of Right-angled Spherical 1 * by Caſe the 


As S. OV R: R: : S. OR :S. YO; that is, 


As the Co- ſine of the Latitude 51.32 9.7938317 
To the Radius - — — — I0 0000000 


So is the Sine of the Declination 19.39.10 +————9.5267557 


To the Sine of the Amplitude 32.43.42 4 n—9.7329240 


Which is Northerly becauſe the Parallel of Declination 2 m, cuts 
the Horizon H Y O to the Northward of the Eaſt and Weſt points 
of the Horizon in V, (See the 1ſt Figure) and conſequently the Sun 
Riſes 32 deg. 43 min. 42 ſec. ; to the Northward of the Eaſt point 
of the Horizon, and Sets 32 deg. 43 min. 42 ſec. 4 to the Weſt of it, 
or according to the Nautical Phraſe, the Sun Riſes E. N. E. 10 deg. 
14 min. Eaſterly, or N. E. by E. nearly, and ſets W. N. W. 10 deg, 
14 min. Weſterly, or N. W. by W. nearly. 


1 a "0 
, - In the adjacent Figure, let m © x 
4 N 17 repreſent a Parallel of Declination, 
NS... * as far to the Southward of the Equa- 
. tor AY L, as the Parallel of Decli- 
** R nation On (See the 1ſt Figure) in 
1 . o the former Example was to the 
X Northward, and thro? the InterſeRi- 
| | 4 | | on ©, let the Hour Circle PROS be 

drawn, 
F Q 

7 It is manifeſt by comparing the 


Triangles OR in this Figure, with 
the Triangle © YR in the firſt Figure, and which are equal in all 
reſpects, that the Sun Riſes and Sets as far to the Southward of the 
Eaſt and Weſt in this Caſe, as he did to the Northward in the form- 
er Caſe, ſo that if the Declination in the preſent Caſe be aſſumed 
19 deg. 39 min. 10 ſec. 2 Southerly, the Sun will Riſe 32 deg. 43 
min. 42 ſec. ? to the Southward of the Eaſt point of the Horizon, 


and Set 32 deg. 43 min. 42 ſec.{ to the Southward of the Welt point, 
| or 
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or in the Nautical! Language, the Sun will Riſe in the S. E. by E. and 
Set in the S. W. by W. point of the Compaſs nearly. 

Whence it is Evident, that the Amplitude is always the ſame way 
with the Declination; that is, if the Declination be Northerly the 
Amplitude is Northerly, but if the Declination be Southerly the 
Amplitude is Southerly, and this will always happen whether the 
Place be ſcituated in the Northern or Southern Hemiſpheres. 

Thus in Figure the 1/2, if P repreſent the Southern Pole, then the 
Arch of the Horizon Y © Y becomes the Southern Half, and the 
Parallel of Declination m © z which in this Caſe is Southerly, cuts 
the Horizon to theSouthward ot the E. and W. points, and makes the 
Amplitude Southerly ; and on the contrary, in the 5th Figure, the 
Parallel of Declination n (which in this Caſe is Northerly, becauſe 
Sis ſuppoſed to repreſent the Nortnern Pole) cuts the Horizon in the 
point & in the Northern Half, and ſhews that the Sun in this Caſe 
Riſes and Sets to the Northward of the Eaſt and Weſt points of the 
Horizon, whence the Amplitude will be Northerly. 

And becauſe in the ſame place the Sine of the Amplitude is al- 
ways directly, to the Sine of the Declination in a certain given Ra- 
tio, it follows, that the greater the Declination the greater is the 
Amplitude; and on the contrary, the lefler the Declination the leſ- 
ſer is the Amplitude; and conſequently when the Sun has no Decli- 
nation the Amplitude vaniſhes: And the Equinoctial in this Caſe be- 
comes the Path of the Sun's diurnal Courſe, when he Riſes in the 
true Eaſt point of the Horizon, and Sets in the Weſt, to all the In- 
habitants of the Earth, except juſt under the Poles. 

Again, if the Declination remain the ſame, the only variable 
Quantity among the given Terms of the Proportion, or among the 
given Parts of the Triangle, being the Latitude of the Place, and 
the Co- ſines of the ſeveral Latirudes, or Sines of the diſtance of the 
Places from the Equator, being reciprocally proportional to the Sines 
of their reſpective Amplitudes, and always in a conſtant Ratio, it 
follows, that the nearer the Places are ſcituated to the Equator, the 
leſs is the Amplitude at the ſame time, or to the ſame Declination, 
and conſequently under the Equator it is the leaſt, and equal in 
Quantity to the Declination and the ſame way; but increaſes the 
farther the Places are removed nearer to either Pole, till when, the 
Latitude of the Place becomes equal to the Complement of the De- 


clination and the ſame way, that is both North or both South, = 
| Sun 
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Sun touches the Horizon at a quadrantal diſtance from the Faſt or 
Weſt points of the Horizon, that is in the North point of the Ho- 
rizon if the La itude of the Place and Declination of the Sun are both 
North, but in the Southern point of the Horizon if the Latitude 
and Declination are both South, after which ir becomes infinite, 
and the Sun never reaches the Horizon, 

2. To find the Aſcenſional Difference Y R, it will be by the 9th 
Caſe of Right-angled Spherical Triangles, 

As the t, O R: R: : t, © R:S. YR; that is, 
As the Co- tangent of the Latitude 51.3 2— 9.9000865 


=» 10.0000000 
9.5528217 


—— — 


To the Sine of the Aſcenſional Difference 26 42 43 —9. 6527352 


— 


To the Radius —— — 
So is the Tangent of the Declination 19.39. 10 4 


— — — — — 


Or Difference between the Right Aſcenſion and the Oblique Aſ- 

cenſion, or Deſcenſion. 
This in the preſent Caſe where the Latitude and Declination are 
both the ſame way, that is both North, ſubſtracted from the Right 
Aſcenſion 55 deg. 17 min. 03 ſec. 4, determined in the firſt Problem, 
will leave 28 deg. 34 min. 20 ſec. 4, for the Oblique Aſcenſion tor 
the point of the Equator Y, (See the firſt Figure) that Riſes with the 
Sun is in Antecedence of the point R that paſſes the Meridian with 
It, | 

And the Sun's Aſcenſional Difference 26 deg. 42 min. 43 ſec. ad- 
. ded to the Right Aſcenſion 55 deg. 17 min. oz ſec. 4, will give 81 
deg. 59 min. 46 ſec. 4, for the Oblique Deſcenſion for the point V, 
that deſcends with the Sun in the ſame Figure, is in conſequence of 
the point V, that paſſes the Meridian with him. 

Again, in Figare the 5th, where the Declination is Southerly, that 
is where the Latitude and Declination are contrary, the ſame Aſcen- 
fional Diftcrence 26 deg. 42 min. 43 ſec. added to the coweſpondent 
Right Aſcenſion 235 deg. 17 min. oz ſec. 4, will give 261 deg. 59 
min. 46 ſec. £ for the Oblique Aſcenſion, but ſubſtracted from the 
Right Aſcenſion 235 deg. 17 min. oz ſec. 5, will leave 208 deg. 34 
min. 20 ſec. 4 for the Oblique Deicenſion or point of the Equator 
that Sets with him, whence the Right Aſcenſion of the Mid- Heaven, 
or point of the Equator then Culminating is eaſily had, for ” in the 

| ormer . 


Aſt: onomical Problems. "204 . 


former Caſe, the point of the Equator that aſcends. with the Sun, 
was in Antecedence of tlie Point of the Equator that Culminated 
with him, and therefore the Difference mult be ſubſtracted; fo here 
the point of the Equator that aſcends with him being in conſequence, 
the Difference muſt be added to obtain the aſcending point; on the 
contrary, as the point that deſcended with the Sun in the former Caſe 
was in conſequence of the point that paſſed the Meridian with him, 
and therefore the Difference muſt be added; ſo here the point that 
deſcended with him being in Antecedence of the point that Culmi- 
nated with him, the Difference muſt be ſubſtracted, to obtain the 
diſtance of the deſcending point from the 1/ point of Aries ; and this 
Law muſt be obſerved in all the variety ot Caſes that may be. : 
This Aſcenſional Difference J R and / & (See the iſt and 5th H- 
gures) is ever equal to the Exceſs or Defect of the Semi-Solar Day 
above or under ſix Hours; and conſequentiy being added to or ſub- 
ſtracted from ſix Hours, according as the Caſe requires, will give 
the Semi- length of the Day and Night, and thence the true time of 
the Riſing or Setting of the Sun, at any Time or in any Place, thus 
in Fg. the iſt, where the Latitude of the Place and Declination are 
both North, the Aſcenſional Difference R added to the quadran- 
tal Arch of the Equator Y 4, gives the Arch of the Equator AR, 
correſponding to the Sun's Semi-diurnai Arch m ©; or the ſame 
Arch of Aſcenſional Difference Y R taken from the quadrantal Arch 
Q, leaves the Equatoral Arch & Q correſponding to the Semi- 
nocturnal Arch © x; wherefore in the preſent Caſe if to 6 h. oo m. 
oo ſec. be added the Aſcenſional Ditference 26 deg. 42 min- 43 ſec. 
which being reduced into Time, by allowing 15 Degrees to an 
Hour, c. makes 1 h. 46 m. 51 ſcc. the Sum 7 h. 46 m. 51 ſec. will 
be the Semi- length of che Day or the time of the Sun's Setting, and 
the ſame Aſcenſional Difference 1 h. 46 m. 51 ſec. ſubſtracted from 
6 h. oo m. oo ſec. will leave 4 h. 13 m- ꝗ ſec. for the Semi- length of 
the Night or time of the Sun's Riſing. alt | n 
On the contrary, in Fig. the 5th, where the Declination of 
the Sun and Latitude of the Place are contrary, that is one North 
and the other South, the Arch of Aſcenſional Diference Y R taken 
trom the quadrantal Arch Y A, leaves RA for the Equatoral Arch 
anſwering to the Semi-Solar Arch ©m, but added to Y © gives R 
an{wering to the Semi- nocturnal Arch On: wherefore in this Caſe, 1 


the Aſcenſional Difference equal to 1 h. 46 m. 51 f. be taken from 
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sh oo m. oof. the Remainder 4 h. 13m. og ſ. gives half the 
length of the Day or time of the Sun's Setting, and the jſame Arch 
of 1 h. 46 m. 51 {. added to 6 h. oo m. ool. gives 7 h 46 m. 51\. 
for the Semi- length of the Night or time of the Sun's Riſing. 
| | WEN | Pt 

| Becauſe the Sun is 6 h. oo m. oof, in travelling from q to x or 
from x to n, and that in whatſoever place of the Ecliptic he is, is 
always ſix Hours diſtant from the Meridian when he arrives at the 
Circle P Y S, and for which Reaſon it is called the Six a Clock 
Hour Circle, it is evident that the Aſcenſional Difference added to 
or ſubſtracted from 6 h. oo m. oo ſ. gives the time of the Sun's Riſing 
or Setting: Thus in Eig. the 1ſt, where the Latitude and Decli- 
nation are both North, becauſe the Sun Riſes when he arrives at ©, 
that is before he arrives at the Six a Clock Hour Circle P W, If 


| | 12 . 
From 90 degrees — — — 6 ©0 00 
Be taken the Aſcenſional Difference 1 46 51 


There will remain the time of the Sun's Riſing—4 13 og 


And inaſmuch as the Sun in his return back ſrom the Meridian, 
arrives at the Six a Clock Hour Circle P Y S, before he gets to the 
Horizon in the point ©, it is evident tat | 


a. ma. £ 
If to——— — — —— CC oo 
Be added the Aſcenfional Diflerence 1 46 51 


6 


The Sum will give the time of the Sun's Setting — 46 51 

On the contrary, in Fig. the 5th where the Latitude and Decli- 
nation are contrary, that is, one North and the other South, be- 
Cauſe the Sun arrives at the Six a Clock Hour Circle PV before 


he aſcends the Horizon. 


"EF + h. m. ſ. 
If to — — . — ck 
Be added the Aſcenſional Difference 1 46 x 


- 
a 


The Sum makes the time of the Sun's Rifing——7 46 51 
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And becauſe the Sun in his return back, arrives at the Horizon © 
before he arrives at the Six a Clock Hour Circle POS, it is maniteſt, 


125; | 73 h. m. 

I k from.. Vn Be wed. 
Be taken the Aſcenſional Difference R. 1 
There will remain the time of his Setting 0 


— —— 


V hence it follows univerſally, that if the Latitude of the Plac 
and Declination of the Sun are both North or both South, the Aſ- 
cenſional Difference ſubſtracted from 6 h. oo m. 05 ſ. will give the 
time of the Sun's Riſing, and added to 6 h. oo m. oof. will give the 
time of his Setting. 4 of 

On the contrary, if the Latitude of the Place and Declination of 
the Sun are of a different Denomination, that is, if one be North 
and the other South, then the Aſcenſional Diflerence added to 
Six Hours, will give the time of the Sun's Riſing, and ſubſtracted 
from 6h. oo m. oo ſ. will give the time of the Setting. 

And becauſe the Hour of the Sun's Setting ſhews the . — 
tity of time elapſed between Noon and the End of the Day, 
and which is therefore equal to half the length of the Day, if the 
Hour of Sun Setting be doubled, it gives the length of the Day or 
Number of Hours che Sun is viſible above the Hoizon. 

Thus in Caſe the iſt, where the Hour of the Sun's Setting was 
7h. 46 m. 51 f. if this Sum be doubled or multiplyed by 2, the Pro- 
duct 15 h. 33 m. 42 ſ. will give the length of the Day. 

And again in the 2d Figure, where the time of the Sun's Setting 
was 4 h. 13 m. og .. this doubled will give 8 h. 26 m. 18 f. for 
the length of the Night. | | 

And again, becauſe the Hour of Sun Riſing ſhews the Quantity 
of time elapſed, between Midnight and the time of the ſaid Sun Ri- 
ſing, and is therefore equal to half the length of the Night, if the 
time of the Sun Riſing be doubled it will give the length of the Night. 

Thus in the 1/ Caſe if the time of the Sun Riſing 4 h. 13 m. og ſ. 
be doubled, the Sum 8 h. 13 m. 18 f. will give the leygth of the 
Night, and in the 2d Example the time of Sun Riſing 7h. 46m. 5 1f. 
being added to it ſelf, produces 15 h. 23 m. 421. for the length of 
the Night, and the ſame Law muſt be obſerved in all Caſes. | 

And inaſmuch as in the ſame place, the Sine of the A{- 

ä Ain Cenſional 


1 
— — — 
Oo 
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cenſional Difference is to the Tangent of the Declination in a con- 
ſtant Ratio, that is, as the Co- tangent of the Latitude is to the 
Radius, it follows that the greater is the Declination the greatet 
is the Aſcenſional Difference, and the greater is the Inequality 
between the length of the Days and Nights; and on the contrary, 
the leſſer is the Declination, the leſſer is the Aſcenſional Difference, 
and the leſſer is the Inequality between the length of the Days and 
Nights, and conſequently when the Declination ceaſes the Aſcen- 
ſional Difference vaniſhes, and the ſame point of the Equator tha: 
Riſes with the Sun, Culminates and Deſcends with him, whence the 
Oblique Aſcenſion, Right Aſcenſion and Oblique Deſcenſion are 
the ſame, the San Riſes at ſix in the Morning and Sets at fix in the 
Evening, and the length of the Day is equal to the length of the 
Night, to all the Inhabitants upon the Earth. | 
Again, the Declination remaining the ſame, the only variable parts 
of the Triangle being the Latitude of the Place, and theCo-tangents of 
the reſpe&ive diſtances of the Places from the Equator, being reci- 
procally proportional to the Sines of the reſpective Aſcenſional Diffe- 
rences, and always in a conſtant Ratio, it follows, that the nearer 
the Places are to the Equator the leſs is the. Aſcenſional Difference, 
or Inequality between the length of the Day and Night, and conſe- 
quently under the Equator the Aſcenſional Difference ceaſes, and 
the Sun conſtantly Riſes at ſix and Sets at fix, and the length of the 
Day is equal to the length of the Night throughout the whole Year. 
And on the contrary, the greater the Latitude, or the nearer the 
Places are ſcituated to the Pole, the greater is the Aſcenſional Difle- 
rence, and the greater the Inequality between the length of the 
Days and Nights, till when, the Latitude of the place becomes e- 
qual to the Complement of the Sun's Declination, and the ſame way 
the Aſcenſional Difference is the greateſt, and the Sun never Sets 


but continues above the Horizon tor the ſpace of one natural Day or 


24 Hours, but if the Declination and Latitude are contrary the Sun 
never appears, and the length of the Night becomes equal to the 
length of the Day in the oppoſite part, after which the Aſcenſional 
Difference becomes infinite ; and the time of the Sun's continuance 
above or belove the Horizon, according to the different times of 
the Year, conſiſts of more than 24 Hours, as ſhall be ſhewn in the 

Sequel of this Problem. 
And becauſe in the ſame Latitude to the fame Declination, there 
wall 
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will always be the ſame Aſcenſional Difference, and conſequently 
the ſame Inequality between the length of the Day and the length of 
the Night, and inaſmuch as the Declination depends upon the di- 

ſtance of the Sun from the Equinoctial points, and is the ſamo at e- 

qual diſtances, it follows, N Net of 
1. That when the Sun is at the ſame diſtance from either of the 

Equinoctial points, and on the ſame Side of the Equator, that the 
time of his Riſing and Setting and length of the Day and Night, is 
the ſame : For Example, when the Sun is in 8 27 deg. 33 min. 
57 ſec. which happens upon the 7th of May, or N 2 deg. 26 min. 
oz ſec. which happens on the 14th of Faly, he Riſes at 4h. 13 m. 
og ſ. and Sets at 7 h. 46 m. 51 f. the length of the Day at each 
time is 15 h. 33 m. 42. f. and the length of the Night is 8h 26m. 
18 ſ. for the Semi-diurnal Arch D, and the Semi- nocturnal Arch 
© 9 (See the 1ſt Figure) in each Caſe is the ſame ; in like manner 
when the Sun is in 27 deg. 33 min. 57 ſec. of Scorpio, which happens 
on the $8:h of November, or in * 2deg. 26min. oz ſec. which happens 
upon the 1225 of January, at each of which times the Sun is at the 
ſame diſtarrce from, and on the ſame Side of the Equator, he Ri- 
ſes at 7h. 46m. 51 f. and Sets at 4h. 13 m. ogf. the length of 
each Day is 8 h. 26m. 18 f and the length of the Night 15h. 33m. 
421. for the Semi-diurnaland Semi- nocturnal Arches (See the 5th F- 

gure) n L and L n are the ſame. 
22. That when the Sun is at the ſame diſtanee from either of the 

Equinoctial points, but on contrary Sides of the Equator, that the 
time of the Riſing and length of the Night in one Caſe, is the ſame 
with the time of the Setting and length of the Day in the other Caſe 
and the contrary, 

Thus for Example, on the th of May, when the Sun is in 8 27 
deg. 33 min. 57 fec. or on the 14th of July when he is in Leo 02 deg, 
26 min. 03 ſec. the time of his Riſing 4h. 13 m. ogf. and the length 
of the Night 8 h. 26 m. 18 f. is the time of his Setting and length 
of the Day, on the 8th of November when he is in Scorpio 27 deg. 
33 min. 57 ſec. or on the 12th of January, when he is in Aquarins 
02 deg. 26 min. 03 ſec. at which two latter times he is as far diſtant 
from either of the Equinoctial points in the Southern Semi- circle of 
the Ecliptic, as he is at the two former times in the Northern Semi- 
circle, and the fame will happen at all oppoſite points of the 
Ecliptic, or equal Diſtances from either Equinoctial point num- 
| EN bred 


270 Aſtronomical "Problems, ... 


bred in contrary Semi-circles, as is very evident to the Intel - 
ligent Reader if he compares the iſt and 5th Figures together, 
whence it will plainly appear, that the Aſcenſional Difference Y' R 
in one, is equal to the Aſcenſional Difference Y R in the ocher, and 
conſequently the Semi- nocturnal Arch © , or time of the Riſing in 
the / Figure, is the ſame, or equal to the Semi-diurnal Arch Gn, or 
time of Riſing in the 5th Figure, and the Difterence between the Se- 
mi- diurnal and Semi- nocturnal Arches in each Caſe, being equal in 
Quantity to the double of the Aſcenſional Ditterence. 
The Oblique Aſcenſion and Deſcenſion, the time of the Sun's 
Riſing and Setting, and the length of the Day and Night may be in- 
veſtigated directly, wichout the help of the Aiceiſional Difference. 
For in the Spherical Triangle © PO (Cee the ſt Figure) Kight- 
angled at O, are given, © P equal to tne Complement of the Sun's 
Declination, or his diſtance from the Pole, and O P the Latitude, or 
height of the Pole above the Horizon, whence to find the Angle at P 
equal to the Arch of the Equator QR, equal to the Sewi-no-turnal 
Arch or half the length of the Night, and conſequently the time of 
Sun Riſing, it will be by the 12% Caſe Rgbt-angled Spherical 


Triangles, I 
| As the R: t, OP: : ct, PDO: cs, OSO; that is, 
As the Radius - = ——— —10.0000000 
Tothe Tangent of the Latitude 51.32 _ —10.0999135 * 
So is the Tangent of the Declination 19.39.10 9.5528217 
To the Co- ſine (in this Caſe) of the Semi- nocturnal 1 4 
Arch RQ, equal to 63.17.17 = ———_— 1 9537352 


Which reduced into time gives 4 h. 13 m. og ſ. for the time of the 
Sun's Riſing, and ſubſtracted from 12 h. gives 7 h. 46 m. 51 f. for 
the time of Setting. . | 

Again, the ſame Semi-nofurnal Arch 4h. 13 m. ogf. bein 
doubled, gives 8 h. 26 m. 18 f. for the length of the Night, and 
hy taken from 24 h. gives 15 h. 33 m. 421. for the length of the 
Vav. A ; . | | 
; FR the Complement of this Arch 26 h. 42 m. 43 ſ. ſubſtracted 
from and added to the Sun's Right Aſcenſion 55 deg. 17 min. oz ſec. 4, 
will give for the Qblique Aſcenſion 28 deg. 34 min. 20 ſec. 3, and 
for 7 Oblique Deſcenſion 81 deg. 59 min. 46 ſec. as before 3 
med. r 
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The ſame Arch of 63 deg. 17 min. 17 fec; added to, and ſubſtract- 
ed from the Sun's Right Aſcenfion. 55 deg · 17 min. og a, will give 
118 deg: 34 mic. 20 fee. 4, and 35 « deg. 59 min. 46 ſec. 3 for the 
Right Aſcenſton or Degree under the lower part of the Meridian, at 
the time of the Sun's Riſing and Setting, whence the aſcending and 
deſcending Points are eaſily had. | X * 
But if the Latitude of the Place and Declination of the Sun are 
contrary, that is, if one be North and the other South, then the 
fourth Arch before found gives the Semi- diurnal Arch, or half the 
length of the Day or time of the Sun's Setting. 
Thus in Figure the 5th, where the Declination is the ſame in Quan- 
tity as in the 1/7 Fgure but South, and the Latitude North, the An- 
gle HS S equal to the Angle O O of the Triangle © PO in the 
1ſt Figure, equal to the Arch AR, or Semi-diurnal Arch, gives 
4 h. 13 m. og ſ. for the time of the Sun's Setting, and taken from 
12 Hours, gives 7 h. 46 m. 5 1 ſ. for the time of the Sun's Riſing. 
And the ſame Arch 4 h. 13 m. og ſee. doubled, gives 8h. 26m. 
18 ſec. for the length of the Day, and this taken from 24 Hours, 
gives 15 deg. 33 min. 42 ſee. for the length of the Night. | 
In like manner, the ſame Arch of 63 deg. 17 min. 17 ſec. taken 
from the Sun's Right Aſcenſion 235 deg- 17 min. oz ſec. 4, will leave 
171 deg. 59 min» 46 ſec. 5 for the Right Aſcenſion of the Mid-hea- 
ven, at the time of the Sun's Riſing ; and added to the Right Aſcen- 
fion 235 deg. 17 min. 03 ſec. 3, will give 298 deg. 34 min. 20 ſec. 4, 
for the Right Aſcenſion of the Mid-heaven, at the time of the Set- 
ring; whence the Oblique Aſcenſion and Deſcenſion is eaſily had; 
and the ſame Law muſt be obſerved where the Latitude is South, and 
the Declination either the ſame or contrary ; all which is abundantly 
manifeſt to any who will diligently conſider and compare the two i 
Couſtructions together. | WE: 
It has been aſſerted in Page the 268th that when the Declination 
of the Sun becomes equal to the Complement of the Latitude of the 
Place, and of the ſame Denomination, that then the Sun never de- 
| 
| 
| 


* 


ſcends below the Horizon, but touches in the oppoſite part of the 


Meridian, and on the contrary, that when the Declination is of 
a different Denomination, that then the Sun never aſcends above the 


Horizon, but only touches it when upon the Meridian. 
Lex 
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Let it therefore be required to find the Beginning, Duration and 
End of the longeſi Day and the mes. Night at the North Cape in 
Latitude of 71 deg. 25 min. Nor. nee 
= u E 4 7 1 7 > | In the adjacent Fgure, having ſet 
| oft the Latitude of the North Cape 
71 deg. 25 min. from O to P, and 
drawn the Axis PS, and at Right- 
| — 9 to it the Equator AQ, it is ma- 
nifeſt, that when the Declination of 
the Sun or his Diſtance from the E- 
quator towards the North Pole P, 
becomes equal to O, that is in the 
preſent Caſe equal to 18 deg. 35 min. 
the Complement of the Latitude, 
| i ena that then the Parallel A O which is 
called the the Circle of perpetual Apparition, becomes the Parallel 
of the Semi-diurnal Courſe, and that in his Revolution round the 
Heaven's he never deſcends below, but only touches the Horizon in 
the point O, when he is upon. the Northern part of the Meridian, 
and after that he continues viſible above the Horizon, till having 
paſſed thro' all the varietys of Northern Declinations, from 18 
deg. 35 min. North, to the greateſt 23 deg. 29min. and from thence 
back again to 18 deg. 35 min. North, the ſame Parallel O becomes 
the Parallel of his diurnal Courſe. _ | 
On the contrary, when his Declination or Diſtance from the E- 
quator towards the South becomes equal to AH or ON in the pre- 
ſent Caſe 18 deg. 35 min. the Parallel Hu, or Circle of perpetual Oc- 
cultation, becomes the Parallel of his Nocturnal Courſe, at which 
time he never aſcends above the Horizon but only touches it in the 
point H, when he is upon the Southern part of the Meridian, and 
after that he continues inviſible below the Horizon, till having 
paſſed thro all the varietys of the Souchern Declination from 18 deg. 
35 min. South, to the greateſt 23 deg. 29 min. and from thence back 
again to 18 deg. 35 min. the ſame Parallel Hu becomes again the Pa- 
rallel of his Nocturnal Courſe. | EF 
And to determine the exa& time of the Begining, End and Dura- 
tion of the longeſt Day and Night by Calculation, it will be by the 
12th Cafe of Problem the 1ſt, of this Section. A 
$ 


E 
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As the Sine of the greateſt Declination 23,29 ———9.6004090 


. 1 — — 
To the Co- ſine of the given Latitude 71.25. —9.5603597 
So is the Radius = — . -210.0000000 © 


To the Sine of the correſponding Arch of Long. 5 3.6.20 9.9029507 
counted from the next Equinoctial point — | 
This when the Sun's Declination is North and increaſing, gives 

the Sun's Place in Taurus 23 deg. 06 min. 20 ſec, and which hap- 

pens upon the 3d of May, when the longeſt Day begins 

Bur when the Declination 1s North and decreaſing, it ſhews the 

Sun to be in Leo 6 deg. 53 min. 40 ſec. and this happens upon the 


ana. 


19th of Fuly, when the longeſt Day ends; and conſequently the 


longeſt Day conſiſts of 77 Natural Days. 

When the Sun's Declination is South and increaſing, it gives his 
Place in Scorpio 23 deg. 06 min, 20 ſec. and which happens upon the 
4th of November, when the longeſt Night begins. 

And laſtly, when the Sun's Declination is South and Decreaſing, 
it gives his Place in Aquarius 6 deg. 53 m. 40 ſec. and this hap- 


ns on the 16th of January, when the longeſt Night ends; and con- 


ſequently the length of the longeſt Night con ſiſts of 73 Natural Days, 
ſhorter than the longeſt Day by four Natural Days. 

On the contrary, in the Latitude of 7rdeg. 25min, South, the long- 
ef} Day begins on the 4th of November, and ends on the 16th of Jan- 
wary following, and contains 73 Natural Days, and the longeſt Night 
begins on the 3d ot May, and ends on the 19th of Fuly, and is equal 
in Quantity to 77 Natural Days, longer than the longeſt Day by four 
Natural Days; and the ſame Law muſt be obſerved in all other Ca- 
ſes of this kind. | | 

By the help of the Table of the Sun's Declination, the beginning 
and end of the longeſt and ſhorteſt Day and Night, in any Place may 


be found by Inſpection, by finding out the given Declination in the 


given Tables, and the top of the Column will ſhew the Month, 
and in the firſt Column upon the left Hand you have the required 
Day, when either the longeſt or ſhorteſt Day and Night begins or ends. 

And inaſmuch as the Sine of the correſpondent Arch of Longitude 
is reciprocally proportional to the Sine of the Latitude, it follows, 
that the greater the Latitude, the leſs will be the correſpondent Arch 


of Longitude, till at laſt the Latitude being at the greateſt, the cor- 
M m mm reſpon- 
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reſpondent Arch of Longitude vaniſhes, and the civil Day is equal 
to the length of the Year, and this happens under either Pole. 
VIn the Lear 1695, at a Town called Pella, in the Latitude of 65 
gie, 4 deg. 53 min. ten Miles to the Northward of Forneo in the Weſtern 
PEE... , Bothaia, on the 14th of Zune, at twelve Hours P. M. when the Center 
14444 - of the was Sun deprefled 40 min. below the Horizon, he was ſeen by 
the means of the Refraction at the Altitude of two Diameters ; and 


tte Dutch in Nova Zenbla for the ſame Cauſe have Teen him when 
he ought to have been depreſſcd_4 deg. below the Horizon, and if 
at the North Cape, where our Ships that go to Archangel conſtantly 
paſe and repaſs, we allow but two Degrees for the Refraction, he 
will be ſeen conſtantly above the Horizon, from the 26th of April to 
the 27th of Jus following, during the ſpace of 92 Natural Days, 
that is longer by 15 Natural Days than he would do were it not for 
this Refraction, and for the fame Reaſon the longeſt Night will not 
commence till the 13th of November, and will end on the 7th of Jan- 
uary following, and will be equal in Quantity to 55 Natural Days, 
only, ſhorter than it would otherwiſe be were it not for the Refraction, 
by 18 Natura! Pays; whence it comes to paſs that the apparent 
longeſt Day, or time that the Sun is viſible above the Horizon, is 
longer than the apparent longeſt Night or time that he is abſent, is e- 
qual to 37 Natural Days, and this Refraction muſt be taken Notice 
of in all Calculations whatſoever, to obtain the length of the appa- 
rent time of the Stin's Abſence or Preſence, and the ſame will hold 
ood in the Fixed Stars or Planets. | 

This I judged proper to take Notice of, to obviate any Objection 
that might appear againſt the former Calculations to thoſe who are 
ignorant of the Cauſe, and it would be of no ſmall Service to the 
Science, if our Mariners as they Sail toand fro in thoſe Parts, would 
Note in their Journals, the exact time when the Sun begins to be ſeen 
above the Horizon during the whole 24 Hours, and how long he con- 
tinues ſo to do; for as the exact time may eaſily be obtained by Cal - 
culation, this compar d with the apparent, will readily ſhew the true 
Quantity of the Refraction. 

It is confirmed by daily Experience, that the Atmoſphere continues 
illuminated for ſome time after the Sun is Set, and begins to be il- 
luminated before he Rifes, and by Aſtronomers it is found to laſt in 
the Evening till the Sun is deſcended 18 degrees below the Horizon, 


when the ſmalleſt Fixed Stars that can be ſeen with the naked Eye, 
| an 
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and ſuch are thoſe of the 6 Magnitude, become viſible, and that 
it begins in the Morning when the Sun is within 18 degrees of af- 
cending the Horizon, and when theſe Stars begin to vaniſh, this 
commencement ot the Illumination of the Atmoſphere, when the Sun 
begins to ſcatter his Light thro' the Heaven's or firſt dawning ot the 
Day, is commonly called the break of Day or begining of Morn- 
ing Twilight, as in the Evening when this Illumination ceaſes, and the 
Atmoſphere is wholly deſtitute ot the Solar Rays, it is called the end 
of Evening Twilight, or beginning of Total Darkneſs. 

Let it therefore, be required on the 5th of May; when the Sun's 
Northern Declination is 19 deg. 39 min. 10 ſec. 3, to find the be- 
gining of Twilight in the Morning, and the end of the Twilight in 
the Evening at London in the Latitude of 51 deg. 32 min. North. 

The Stereographical Solution. 

Having drawn the Meridian Z 0 
NH, the Horizon HO, the Prime 
Vertical ZN, the Axis PS, the E- 
quator , and the Parallel of No- 
thern Declination #4 n, as in the 
firſt Figure, about the Zenith Z draw 
the Small Circle O © q, at the diſ- 
rance of To8 deg. or which is the 
ſame thing, a Parallel of Depreſſion 
of 18 degrees, where this interſects 
the Parallel of Declination before 
drawn, as in ©, gives the Place of | 
theSun at the beginning of Twilight in the Morning, or at the end of 
Twilight in the Evening. | 

2. Thro'” the point and the Zenith and Nadir, draw the Verti- 
cal Circle Z © N, alſo thro the Poles P and S, and the ſame point 
©, draw the Hour Circle P. © and the thing is done; and the 
Angle © Q or Arch of the Equator, is equal to the time of the 
beginning of Twilight in the Morning, and the Angle 4 P ©, or 
Arch of the Equator, 4 x, will give the end of the Twilight in 
the Evening, each of which may be meaſuredby Caſe the 2d of Pro- 
blem the roth, of Section the 2d. 

And to find it by Calculation, by the 12th Caſe of Oblique-angled 


Yherical Triangles. 


Mans 5 To 


* 


276 Alſtronomical Problems. 


To PD equal to the Complement of the Declination (in this Caſe) 
equal to 70 deg. 20 min. 50 ſec. add Z, equal to the Complement 
of the Latitude of 38 deg, 28 min. and Z© equal to the Depreſſion 

* of the Sun plus 9o degrees, equal to 108 degrees, and from halt the 
Sum equal to 108 deg. 24 min. 25 ſec. ſubſtract Z rhe diſtance pf 
the Sun from the Zenith, equal to 108 degrees, and keep the Re- 

® mainder 24 min. 25 ſec. then, 
1 To the Arith. Comp. of the Co- ſine of the Latit. 5 1. 32 0. 2061683 
* Add the Arith. Comp. of the Co- ſine of the Decl. 19.39.10 000260658 
Alſo the Sine of the half Sum=4108. 24.25 ———-——9:9771919 
And the Sine of the Remainder=00.24.25 —————7.85 13207 
Half the Sum of theſe four Sines — <— 9.0303734 
— —-— uu 

Will be the Sine of 6 deg. og min. 23 ſec. which being doubled 
gives 12 deg. 18 min. 46 ſec. for the Angle OO or Arch of the E- 
quator X. and being reduced into time, gives o h. 49 m. 15 f. for 
the begining of. Twilight in the Morning, and taken from twelve 
Hours gives the Angle 4P© or Arch of the Equator 4 x, equal to 
11h. 1om. 45. for the end of wilight in the Evening. 

It has been already determined, that when the Sun has 19 deg. 
39 min. 10 ſec. 4 of North Declination, that then he Riſes at 04h. 
13 min. og ſec. when the Morning Twilight ends; wherefore to find 
the duration of Twilight in the Morning, | 


From the end of Morning Twilight ————————z 13 og 
Take the begining of Morning Twilight ———— =0 49 15 


Remains the duration of Twilight in the Morning——3 25 54 
—— — —— 


And becauſe when the Sun Sets the Evening Twi-light begins, 
. W 1 


- 


From the end of the Evening Twilight ———————21 10 45 
Take the time of the Sun's Setting — 46 51 


S252 4 „ —— ⁰ RT — no 5 = 
* . 


ͤß — —— 


Remains the duration of Twilight in the Evening ——3 23 54 


* 


And becauſe the Sun has the ſame Northern Declination on the 
14th of July that he has on the 7th of May, it follows, that on each 
| of thoſe Days, the Day breaks, or firſt begins to appear at 4 h. 

15m: 


5 7 * i 
. 4 o 
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15 m. in the Morning, and the Sun Riſes at 4h. 13 m. og ſ and Sets 
at 7h. 46 m. 51 f. and the Twilight ends at 11h. 10 m. 45 ſ. ar 
Night, when the duration of Twilight is 3 h. 23 m. 54 f. 

When the Declination of the Sun becomes equal to the Difference 
between the Complement of the Latitude and the Depreſſion, and 
both the ſame way, the Solar Rays never quit the Hemiſphere ; 
therefore, from the Complement of the Latitude of London equal to 
38 deg. 28 min. take the Depreſſion 18 deg. oo min. the Remainder 
20 deg. 28 min. is equal to the Declination when the total Darkneſs 
ceaſes, and this anſwering to the 11th of May and the 11th of July, 
according to Caſe the ad of Problem the 1/4, of this Sefion, it follows, 
that in London from the 1 1th of May to the 11th of Fuly, there is 
no total Darkneſs, and that the Twilight continues from the time of 
the Setting of the Sun, till the time of his Riſing again. 

After the ſame manner of Computation it will be found that on 
the 12th of January and the Brh of: November, when the Sun has the 
lame Quantity of South Declination as in the former Example, he 
had North Declination, that the begining of Twilight in the Morn- 
ing or firſt dawn of the Day, will happen at 5 h. 42 m. os ſ. and 
that the end of Twilight in the Evening or beginning of total Dark- 
neſs, will be at 6 h. 17 m. 55 1. afrer it has continued for the ſpace 
of o2 h. 04 m. 16 f. ſhorter than the duration in the former Caſe, 
when the Sun had the (ame Quantity of North Declination, by the 
ſpace of oi h. 19 m. og ſ the Reaſon of which will be very evident 
from what follows. 

In the adjacent Figure, let Z O NA repreſent the Meridian, 770 
the Horizon, AQ the Equator, S , Ep, FL, GR, HL and w vs, 
ſeveral Parallels of Declination and Dep the Parallel of Depreſſion 
or Circles bounding the Twilight, at which Circle, whenſoever the 
Sun by his apparent diurnal Motion arrives, the Morning Twilight 
begins or the Evening Twilight ends, in whatſoever Parallel of Decli- 
nation the Sun is in. 2 

In this Figure the ſeveral Arches x 2, y s, ne, &c. of the ſeveral 
Parallels of Declination, intercepted between the Horizon HO and 
the Parallel of Depreſſion D e p, will be the ſeveral Arches of Twi- 
light, and as each of theſe Arches bears a greater or leſler Proportion 
to the Circles or Parallels of Declination, of which each Arch is a 
part, ſo the duration of Twilight will be longer or ſhorter, when the 


Sun is in theſe reſpective Parallels, 
Let 
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Let the Great Circle R'e F be drawn, to touch the Parallel of 
Depreſſion as in e, and the Circle of perpetual Apparition BO, and 
becauſe the Horizon Ho touches the ſame Circle of perpetual Ap- 
parition in the point O, the Angles den, m cb, and het, formed by 
the Interſection ot the Equator and theſe two Circles, wiz. the Great 
Circle Re T and the Horizon He O will be equal, and the ſeveral 
Arches of Declination FK, ai, mr, &c. intercepted between the 
Horizon HO and the Great Circle Re T vill be ſimilar, whence it 
follows, 6. "TA + 4 r 7 93 4 | 
1. That while the Sun is on the ſame fide of the Equator with the 
viſible Pole, the Twilights do conſtantly grow longer according as 
he approaches nearer to the ſame Pole, for the Twilight Arch h 
is longer in being deſcribed than bc; the Twilight Arch ga is longer 
than hm, and the Twilight Arch pa is longer than h m, till at laſt 
when the Sun is got to ſuch a diitance from the Equator, that the 
Twilight Arch 7 interſects the Meridian in ſome point between 
p and o, it will never meet the Parallel of Depreſſion or bounding Cir- 
cle Re F, but continue during the whole Night. 


2 


2 
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And inaſmuch as the ſeveral Arches fk, ai, mr, ct, &c. arc. 
ſimilar, it tollows,, that when the Sun deſcribes the Parallel ot De- 
clination 1 e, that cuts the Parallel of Deprefſion or bounding Cir- 
cle De p in the ſame point e, when the Great Circle Re T touches 
it, that then duration of Twilight will be the ſhorteſt, for when 
the Sun deſcribes the Parallel of Declination & s, or the Southern 
ſide of the Parallel z e, the Twilight Arch s y is longer than yp, e- 
qual to ne, and when the Sun deſcribes the Parallel of Declination 
, the Arch of Twilight z.y greater than x o, equal to 3 p, e- 


qual to # e, is greater than y g. 2 | IH 
Hence we are taught how to account for that great Difference. 
that ariſes between the increaſe and decreaſe of the Twilight, and 
the increaſe and decreaſe of the Days and Nights: For tho” in all 
Northern Latitudes the Days conſtantly decreaſe as the Nights in- 
creaſe, during the time the Sun is moving from the Summer Salftice 
till he arrives at the Minter SoNtice, and that the Twilights aud Days 
are at the longeſt when the Sun is in the. firſt point of Cancer, and 
both begin to decreaſe together, yet the duration of Twilights do 
not continually decreaſe till the Sun gets into the firſt point of Ca- 
pricorn_; but there is a certain point between them, to which when 
the Sun arrives, the Twilights are then at the ſhorteſt, after which 
they begin to increaſe again in length, tho the Days go on to de- 
creaſe, and continue ſo to do the farther the Sun goes to the South- 
ward; and on the contrary, tho the Days begin to increaſe after; 
the Sun is ꝓaſt the firſt point of Capricorn and continue ſo to do till 
he arrives at.the firſt point of Cancer, yet the Twilights begin to. 
ſhorten, and continue ſo to do till he comes to a certain point, as. 
far diſtant from the Soſſtitial poiar» in the aſcending Semi- circle of 
the Ecliptic, as in the former Caſe he was diſtant in the. deſceridigg- ' 

Semi- circle, when the duration again becomes ſhorteſt ; after hi . 

they begin to increaſe again together, and to determine the diſtance: 
of the Parallel of Declination from the Equator when this ſhall hap- 

en. 

' Thro' the point e, where the Arch of ſhorteſt Twilight cuts the- 
Parallel of Depreſſion De p, draw the Vertical Circle Z h e, to cut 
the Equator in the paint b, and beeauſe the. Great Circle R eT; 
which touches the Circle of perpetual Apparition, touches likewiſc 
the Parallel of Depreſſion in the ſame point e, the Angles d n and 
b e t of the Triangles d m and bet will be both Right-angles, 7 ; 
e | decauſe 


* 


. ” 5, 7 ES LR f 
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becauſe the Horizon touches the {ame Circle of Apparition, the An- 
les mc h, and b te formed by the Equator, and the Horizon and the 
teat Circle Re 7, will be alſo equal; but the Angles cm and 
eb t are equal being oppoſite, wherefore the Triatigles cm and 
b et are Equiangular, and conſequently Equilateral, and conſequent- 
ly the Arch mb equal to h e, is equal to half the Arche, equal to 
half the Depreffion, equal to 9 Degrees; and the Arch et will be e. 
qual to cm, and to find its length by Calculation, in the Spherical 
Triangle hem Right-angled At mn are given, the Arch bz equal to 
half the Depreſſion, equal to 9 Degrees, and the Angle c equal 
to the Arch , equal to the Complement of PO the Elevation of 
the Pole, whence to find the Arch cn, it will be by the gth Caſe 
of Right- angled Spherital Triangles, n | | 
$6 As t, <bem:R: #t,bm: 8. cm}; that is, 
As the Tangent Complement of the Latitude of the Place, 
To the Radius ; 3 N * 
So is the Tangent of the half of the Depreſſion, 
To the Sine of a fourth Arch. | 
nn Again, | 
Thro' the point , where the Parallel of ſhorteſt Twilight cuts the 
Horizon, draw the Arch of the Meridian 5 d, then will the Arch 
x d be equal to the Declination of the Sun, or the diſtance of the 
Parallel of Declination from the Equator, when the ſhorteſt Twi- 
light happens, and becauſe the Arch ze of ſhorteſt Twilight is parallel 
to the Equator, the Arches # c and et will be equal, and conſequently 
will be equal to c n, the fourth Arch before found; wherefore in 
the Spherical Triangle Ac d n at d, are given, the Angle 
nc d equal to h, equal tothe Arch OQ the Complement of the 
Latitude, and the Arch or Side x c equal to cm, the fourth Arch 
before found, whence,to find the Arch of Declination d, it will be 
by the 5th Caſe of Right-angled Spherical Triangles, ' 
As RS. nc d: :S. uc: S. 1d; that is, 
As the Radius, 45 | 
To the Sine of the Complement of the Latitude of the Place; 
So is the Sine of the fourth Arch before found, | 
To the Sine of the Arch of * ſought. 
| LPs. Again, TC 
| Becauſe the t, Cc: Rt, 125 S.c m; and that the Tangent of 
— Arch is to the Radius, as the Sine of the ſame Arch is to its =” 
ne, 4 


% 
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The S.Xc:cs, Ser: t, uh: S. e. | 
Wherefore, the cs, c: 8. Re: : S: cm: t, mb, and by the latter 
Proportion the R: S. Cc: : S. c S. em: S. ud. 
Wherefore, becauſe the two middle Terms in each Set of Propor- 


tionals are the ſame, it will be | 
As R: cs, Rc::t,mb:S.nd; that is univerſally, 


As the Radius, | 


. To the Sine of the Latitude of the Place; 


So is the Tangent of half the Depreſſion, ; 
To the Sine of the Declination of the Sun when the ſhorteſt Twi- 


light happens. | | 
Wherefore if it be required to find when the ſhorteſt Twilights 


happen at London in the Latitude of 51 deg. 32 min. North, it will 
be | | 


As the Radius — — 10.0000000 
To the Sine of the Latitude of 5 1.32— — 5.893745 2 
So is the Tangent of the half Depreſſion 9.0o 9. 1997125 
To the Sine of the Declination South 7,07 +— 49093457] 


And this happening between the 14th and 15th of February, and 
the laſt Day of September and the firſt of October, it follows, that 
upon theſe Days at London the duration of Twilight will be the ſnort- 
eſt, when it will continue for the ſpace of 1 h. 56 m. 32 ſ. only. 

And becauſe the Sine of the Declination when the ſhorteſt Twi- 
light happens, is to the Tangent of the half Depreſſion in a conſtant 


- Ratio; that is, as the Sine of the Latitude of the Place to the Ra- 


dius, it follows, that when the Latitude vaniſhes the Declination of 
the Arch of ſhorteſt Twilight ceaſes, and the Sun then moves in the 
Equator { and this happens to all thoſe People who dwell under the 
Line, when the Twilights at all times and even when they are at the 
greateſt, and which happens at the times of the Sotices, are quickly 
over, becauſe the Sun conſtantly deſcends almoſt perpendicularly; and 
on the contrary, the greater the Obliquity of the Sphere, that is, 
the greater the Latitude of the Place the more obliquely does the 
Sun deſcend, and the longer is the duration of Twilight, till when 
the Latitude of the Place becomes equal to 48 deg. 31 min. the 
Twilight upon the longeſt Day TOR from Sun Set to Sun _ 

nnn | c 
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thatis during the whole Night ; and this, as the Latitude of the Place 
increaſes, increaſes likewiſe in Number of Days before and after the 
jongeſt Day, till at laſt when the Latitude becomes equal to go Dee. 
that is, in a Parallel Sphere the Twilights laſt for ſeveral Months ; 10 
that by the help of this and the Retraction the Inhabitants (if any 
there be) have the Benefit of the Sun's Light for almoſt all the Year. 

This Illumination of the Heav'ns after the Sun is Set and before 
he Riſes, proceeds from the Reſiſtance that the Solar Rays meet 

with in paſſing thro' the Atmoſphere, by which Means they are ſtron g- 
ly reflected back upon us, and we made to receive the Benefit of his 
Light for ſome time before he Riſes and after he Sets; and as this 
middle State between Day and Night is of a longer or ſhorter dura- 
tion, according to the different Heights of the Atmoſphere, it follows, 
that in Vinter time when the Air by Cold is condenſed, that the A.- 
moſphere is low, and that the Twilights are ſooner over; and on the 
contrary, in the Summer time when the Air is rarified by the Heat of 
the Sun, the Atmoſphere is higher, and conſequently the Twilights 
laſt longer; ſo that in an Evening after a warm Day they are of a 
longer duration than they are in a Morning, and after a Series of 
hot Days than after a Series of cold Weather; and this is one 
Reaſon that with us ever after the Summer Solſtice, when the Wea- 
ther has been fine, that a Man may ſee to Read almoſt at Midnight. 

And here we ſee one great Uſe and Benefit of the Armoſphere that 
encompaſſeth the Earth, for was it not for this, the Sun immedi- 
ately before his Setting and after his Riſing, would ſhine as bright as 
at Noon, and the Moment that he is deſcended below the Horizon 
at his Setting, it would be as dark as at Midnight, as it would con- 
tinue to be till the Moment the Sun aſcends in the Morning, which 
ſuddain Change from the greateſt Light to the greateſt Darkneſs, 
would certainly be very inconvenient to Mankind : And befides we 
have this farther Benefit from the Atmoſphere, that even while the 
Sun ſhines it illuminates the whole Face of the Heavens, and makes 
it appear bright ; and were it not for this, that part of the Heavens 
only would appear to ſhine in which the Sun is placed; and a Spec- 
tator if he ſhould turn his Back upon the Sun, would immediately per- 
ceive it as Dark as Night, and the ſmalleſt Stars would be ſeen to 
appear as they do now in a clear Night, ſince there would be no Sub- 
ſtance to Refle& the Solar Rays to our Eyes, and even at Night our 
Artificial Lights would be but of little Service to us: 1 

ter 
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Aſter the ſame manner as we find the Time of the Beginning and 
End of Morning and Evening Twilight, we may find the true Time 
of the apparent Riſing and Setting of the Sun, and the Length of 
the apparent Day and Night, for the Horizontal Refraction at Lon- 
don, being 33 min. oo ſec. when the Sun's Center really touches the 
ſenſible Horizon, 1t — by means of the Refraction at the Alti- 
tude of 33 min. oo ſec. and conſequently when his Center appears 
to Set it is really then depreſſed 33 min. oo ſec. below the Horizon, 
whence it comes to pals, as has been before hinted, that the Time 
of the true Setting of the Sun happens before the Time of the appa- 
rent Setting ; and conſequently that the Length of the apparent Day 
is longer than the Length of the Aſtronomical Day; and on the con- 
trary, that the apparent Riſing preceeds the true Riſing, and cauſes 
the Length ot the apparent Night to be leſs than the Length of the 
Aſtronomical. For tho' the Sun apparently riſes when he comes to 
the point ©, at which Time the 
Arch a© of the Vertical Circle > 


Z © a, is 33 min: oo ſec. yet he + 
does not really aſcend the Horizon, 4 2 IP 
till he arrives at the point c, and on 0 
the contrary, in returning from m 4) 


back again, tho he really Sets when I. a 
he arrives at c, yet he does not ap- * 
parently Set till he comes to O, and 
to determine the Arch of the Equa- 
tor d r, or Difference of Time be- © 
tween the real and apparent Times * 
of the Riſing and Setting of the Sun, | 
in the Oblique-angled Spherical Triangle Z P © are given Z p the 
Complement of the Latitude of the Place 38 deg. 28 min. od ſec. 
P © the diſtance of the Sun from the North Pole, 70 deg. 20 min. 
49 ſec: 2, and Z © the diſtance of the Sun from the Vertex, at the 
Time of the Beginning and End of the apparent Day godeg. 33 min. 
oo ſec. whence by the help of the 117) Caſe of Oblique-angled Sphe- 
rical Triangles, and according to the former Method of Calculation; 
the Angle © P , the Time of the apparent Riſing of the Sun, will 
be found to be 62 deg. 14 min. 36 ſec. equal in Time to 4 h. 08 m. 
58 f., whence the length of the apparent Night will be 8 h. 17 
min. 57 ſec. and the Angle Z P © the Time of the apparent Setting, 
Nnnn 2 will 


— a 
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will be 117 deg. 45 min. 24 ſec, equal in Time to 7h. 51m. or f. 43, 
whence the Length of the apparent Day will be 15h. 42m. 03. and 
by comparing theſe with the true Times of the Riſing, Setting, c. 
already determined, we ſhall find that upon the Account of the 
Refraction, the Arch of the Equator der, or Difference of Time 
between the true and apparent Riſing and Setting is 1 deg. 2 min. 
39 ſec. equal in Time to 4 min. 10 ſec. , and conſequently the Sun 
apparently Riſes ſooner than the true Time by 4 min. 10 ſec. 3, and 
Sets apparently ſo much later, whence the apparent Day is longer 
in this Caſe than the Real or Aſtronomical Day, by 8 min. 21 ſec. 
and conſequently the apparent. Night is ſo much ſhorter than the 
true Night. 

As this Refraction occaſions an Error in the Time of the Sun's 
Riſing and Setting, ſo it likewiſe viciates the Amplitude, for tho' 
the Sun really Riſes and Sets at the Diſtance Y c, from the Eaſt or 
Weſt points of the Horizon, yet he apparently Riſes and Sets at the 
Diſtance of Va from the ſame points; and to find the Arch of Dif- 
ference ac, in the Oblique-angled Spherical Triangle Z P ©, from 
the ſame Data, and by the help of the 11% Caſe of Oblique-angled 

Spherical Triangles, the Angle P Z O or Arch aO, will be found to 
be 56 deg. 27 min. os ſec. whence the apparent Amplitude Y a will 
be 33 deg. 32 min. 54 ſec. greater than the true Amplitude before 
found 32 deg. 43 min. 43 ſec. by 49 min. 11 ſec. and the ſame Lau 
1s to obſerved in finding the 2 Amplitude, time of the Ri- 
ſing and Setting, &c. of any of the Fixed Stars and Planets, regard 
being had to the different horizontal Parallaxes, in different Places 
and at different Times. c 

And inaſmuch as in the ſmall Triangle © a, the Arch O the 
Hypothenuſe of the Triangle © a 5, or Difference of the Declination 
of the Sun at the Time given, and at that Time when his real Se- 
midiurnal Arch is equal to the Semi-apparent- Arch, at this Time is 
nearly equal to the Arch Da of the ſame Triangle Oa b, equal to the 
the horizontal Parallax or Depreſſion of the Sun at the Time of the 
apparent Riſing and Setting of the Sun; if to the preſent Declinati- 
on 19 deg. 39 min. 10 ſec. à, be added the horizontal Parallax 33 
min. oo ſec, the Sum 20 deg. 12 min. 16 ſec. North, will be the 

Declination of the Sun nearly, when the Time of his real Riſing 
and Setting, and the length of the real Day and Night, will be near- 
ly the ſame with the Time of the apparent Riſing and Setting, Oc. 

in 
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in the preſent Caſe as the Reader will ſee, if he will be at the Pains 
to make the Calculatian; wherefore, to find the Time nearly of the 
apparent Riſing and Setting, Oc. of the Sun and his Amplitude, to 
the Declination of the Sun (if the Declination of the Sun and Lati- 
tude of the Place are both North, or both South) add the horizon- 
tal Refraction; but if the Latitude of the Place and Declination of the 
Sun are contrary, that is, one North and the other South, from the 
Declination of the Sun ſubſtract the horizontal Refraction, and the 
Sum or Difference according as the Caſe is, will be the apparent De- 
clination of the Sun at the Time ot his apparent Riſing and Setting: 
whence and by the help of the Latitude of the Place, may the ap- 
parent Amplitude and apparent time of the Riſing, Setting, &c. be 
Calculated, after the ſame manner as the true Time of the Riſing and 
Setting is in the former Example. 

And inaſmuch as the Refraction obtains at all Times and in all 
Places, it ought to be allowed for in all Computations, and more 
eſpecially in ſuch Places as lie pretty far from the Equator, and at 
ſuch Times as the Declination 1s large. 

In the former Inveſtigation; the Declination of the Sun has been 
ſuppoſed to be the ſame at the time of the Riſing and Setting, as it 
was at Noon; this tho' it may ſerve well enough for ordinary and 
common Uſes, yet in Calculations, where greater degrees of Exact- 
neſs are required, ſuch as finding the Hour of the Day and Night, 
from the obſerved Altitudes of the Sun and Fixed Stars, the pre- 
diction of Solar and Lunar Eclipſes, and the Appulſes or Occulta- 
tion of the Moon to the Fixed Stars, c. it is neceſſary to know. 
the true Declina: ion of the Sun at the time when ſuch Appearance is 
found to happen: For ſince about the Equinoxes, the Sun's Decli- 
nation alters about one Minute in an Hour, every one who is bur- 
meanly skill'd in theſe Things, mult readily allow, that if the Al- 
tiude of the Sun was taken at Four in the Atternoon or Eight in the 
Morning, in order to pronounce the true Time ot the Day, that an 
Error of Four Minutes in the Declination, which will neceſſaril 
happen if the Meridional or Tabular Declination be made Uſe of, 

will cauſe a conſiderable Error-in the Hour deduced by Calcula- 
tion; and that it the Altitude of a Star were taken about Midnight, 
to determine the Time of the Night, that an Error of two Mi- 
nutes in the Sun's Right Aſcenſion, will cauſe an Error of two 
Minutes in the Time; and therefore Aſtronomers in all Computati- 

ons, 
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ons, Calculate the Place of the Sun, and thence his Declination 
and Right Aſcenſion as near to the Time as poſſible, or if 
Tables be ready Calculated, the ſame may be had by making pro- 
portionable Allowances, as ſhall be ſhewn at the End of the Tables 
of the Sun's Place, Oc. | 

At o h. 13 m. og ſ. the time of the Sun's Riſing, by the former 
Calculation, the Sun is in 27 deg+ 15 min. 10 ſec. of Taurus, at 
which time his Declination will be found by Calculation to be 19 
. deg. 34 min. 54 ſec. whence his Aſcenſional Difference will be found 
to be 26 deg. 35 min. 55 ſec. equal in Time to x h. 46 m. 23 f. ?, 
and conſequently the true time of the true Riſing of the Center of 
the Sun at 4 h. 13 m. 36 f. , later than by the former Computation 
27 ſec. +» 

** at 7h. 16 m. 51 ſ. the time of the Sun's Setting, the Sun 
was in 27 deg. 52 min. 34 ſec. of Taurus, hence his Declination 
will be found to be 19 deg. 43 min. 22 ſec. his Aſcenfional Difference 
26 deg. 49 min. 33 ſec. equal in Time to 1 h. 47 min. 18 ſec. ; and 
_ conſequently the true time of the Setting will be at 7 h. 47 m. 18\.-;, 
later than by the former Calculation 27 ſec. 3, whence the Length 
of the Day will be 15 h. 33 m. 414. 3; and the nearer the Time 
happens to the Equinoxes the greater 1s the Error, and the nearer 
the So/ftice the leſs will be the Error. 

It has been ſhewn that by Reaſon of the horizontal Refraction of 
the Atmoſphere, that the Sun at this time appears 4 m. 10 ſ. + ſooner, 
and continues viſible 4 m. 10 f. longer in the Evening than he would 
- otherwiſe do were it not for this Refraction, and conſequently in 
this Caſe the Center of the Sun apparently Riſes at 4 h. og m. 26 f. 
and Sets apparently at 7h. 51m. 28 f. rr, after it has continued 
viſible above the Horizon 15 h. 42 m. 021. +2. 

The Sun's mean horizontal Semidiameter is 16 m. 6 ſ. for a few 
Seconds in this Caſe amount to nothing, and conſequently when the 
Sun's Center is really depreſſed 16 m. os ſ. below the Horizon, or 
by Reafon of the Refraction when it is-depreſſed 49 m. os ſ. his up- 
per Limb begins to appear in the Morning, wherefore in the Sphe- 
rical Triangle Z PO (See the Figure in Page 205th) are given, ZP 
equal to 38 deg. 28 min. oo ſec. P © equal in this Caſe to 70 deg. 
25 min. os ſec. and Z O equal to go deg. 49 min. os ſec- whence 
the Angle ©PO or true time when the upper Limb aſcends the 
Horizon, or the Sun firſt begins to appear, is 61 deg. 49 min. 15 ſec. 
equal in Time to 4 h. 07 m. 174. In 
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In like manner, when the Sun's Center is depreſſed 49 m. os ſ. be- 
low the weſtera Edge of the Horizon, the upper Limb of the Sun 
deſcends, and the Sun totally diſappears, ſo that in the ſame Triangle 
Z 5 © we have given, Z P equal to 38deg- 28 min. oo ſec. Z & e- 
qual to go deg. 49 min. 06 ſec. as before, and P © (in this Caſe) 
70deg. 16min. 38 ſec. whence the Angle ZP© or the true time when 
the upper Limb apparently ſets, or the Sun begins totally to diſappear 
will be 118 deg. 24 min. 28 ſec. equal in Time to 7 h. 53 m. 37 f. 
after it has continued viſible above the Horizon for the ſpace of 15 h- 

6 m. 201. 5 longer than by the common Computation 12 m. 38 f. ?. 

After the ſame manner it may be found when the Sun's lower Limb 
Riſes and Sets, and conſequently how long the Sun's whole Body 
continues viſible above the Horizon. Ny 

And by adding to or ſubſtracting from the Sun's preſent Decli- 
nation, the Sum or Difference of the horizontal Refraction and the 
Sun's Mean Semi-diameter, according as the Declination is North - 
or South ; after the ſame manner taught in Page the 284, 285, may 
the Declination of the Sun be found, whence the true time of his 
central Riſing and Setting, wall give the apparent time of the Riſing 
or Setting of his upper or lower Limb. 

An exact Solution of this Problem is of greater Uſe than appears at 
firſt ſight, and *tis for this Reaſon that I have been ſo very particular 
and exact in giving the true time of the apparent Riſing and Setting 
of the upper or lower Limb, for as an exact Knowledge of the true 
time of the Day is not only of great Uſe in all Aſtronomical Ob- 
ſervations, but is the principal Thing wanting at preſent to render 
the ſeveral Methods hitberto propoſed by Aſtronomers, ſor finding the 
Longitude at Sea practicable; and as an Obſervation ot this Ap- 
pearance, requires no Aſtronomical Inſtrument, but only a careful 
and diligent looking out and watching the Time when the Sun firſt 
begins to appear and to diſappear, and which any Body is capable 
of doing; and as the ſame may be done by every Fixed Star, there 
can ſcarce happen any great ſpace of Time, but the careful and dili- 
gent Mariner may have an Opportunity of comparing his Match with 
the true time, and diſcovering the Error, if any there be, and how 
much it is. | 

And becauſe in the Inveſtigation of the time of the Riſing and 
Setting of the Sun or Stars, there is nothing requiſite but the Lati- 


tude of the Place and the Declination of the Sun ; and inaſmuch 6s | 
the- 
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the Declination of the Sun may be determined to the greateſt degree 
of Exactneſs imaginable, and that an Error of Five Minutes in the 
Latitude will ſcarce make an Error of Twenty Seconds in the Time 
there is no Way more ſure and certain than this, as I know of, that 
can be put in Practice at Sea. | 
And even upon the Shore when Perſons are not furniſhed with pro- 
per Inſtruments, this Method of diſcovering the true time of the 
Day in proper Places and at proper Times, may be very uſeful and 
ſerviceable to them if due Care be taken. 
To ground the Learner well in the Projection of the Sphere and this 
very uſeful part of Science, I have given the Stereographic Solution of 
this Problem, and the 1ſt Caſe of the 1ſt Problem upon the Planes of 
the ſeveral Great Circles, whence the Inteligent Reader will readily 
perccive why Aſtronomers have choſen rhe Plane of the Meridian, for 
the Solution of the uſual Problems ariſing from the diurnal Motion of 
the Sun, it being much more natural and eaſy for the Purpoſe ; and 
therefore in the Solution of the following Problems, I ſhall confine 
my Self to the Plane of the Meridian only, not doubting but the 
sxkilful Reader will eaſily ſupply the reſt himſelf; 
This Caſe is doubtful, as is manifeſt from the 9th Caſe of Right- 
. angled Spherical Triangles, and from the Conſtruction it ſelf upon the ſe- 
. veral Planes, but inafmuch-as the Sides and Angles of the great 
Triangle, are only the Supplements of the Sides and Angles of the 
leſſer Triangle, the ſame Anſwers are produced by counting from the 
. oppoſite points of the Equator and Horizon; thus (in Fig. the 1ſt) if 
V repreſents the Eaſt point of the Horizon, as Y GO 32.43.42 4, re- 
p;preſents the Amplitude in the Morning, reckoned from the Eaſt to- 
wards the North, ſo its Supplement 147.16.11 3, or the Hypothe- 
- nuſe Y ©. of the great Triangle reckoned from the ſame Eaſt point 
towards the North, gives N. 57-16.11 5 Weſterly, for the Co-Am- 
plitude at the Setting; in like manner as the Baſe or Side VR 26.42. 
43 equal to 1 h. 46 m 51f. ſhews how long the Sun Riſes before 
the Hour of Six in the Morning, ſo its Supplement of the great 
Baſe or Side Y R=153*® 17 17” equal to 10h. 13m: o9f. reckoned 
. backward from the Six a Clock Hour Circle, will give 4 h. 1; m. 
og 1. for the Setting of the Sun before Midnight, or 7 h. 46 m. 5 1 f. 
after Mid-day or Noon, as beforefound ; and the ſame will happen 
- when the Declination of the Sun and Latitude of the Place are of a 
. contrary Denomination, | 
Prob. 
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Prob. II. 
Caſe 2. 
Given the Sun's Amplitude and preſent. Declination, to find the 


Latitude of the Place, Aſcenſional Difference, time of the Sun's 
Riſing, Setting, Ce. 1 | 


| Example 


The Sun having 19 deg. 39 min. 10 ſec; 2 of North Declinatioh; 
and the Amplitude being found to be 33 deg. 43 min. 42 ſec, 4 
Northerly, in the Morning. I demand the Latitude of the Place 
of Obſervatton, time of the Sun's Riſing, Cc. 
The Stereographic Solution upon the Plane of the Meridian. 
1. Having drawn the Meridian | 
ZONH, the Horizon HO, and | g 
at Right- angles to it the Prime 3 
Vertical Z Y N, ſet off the Semi- 
tangent of the Amplitude 3 2 deg 
43 min. 42 ſec. 7in the Horizon 
from the Eaſt point V to &, in the 
Notthen Semircircle Z O N., this 
will give the Place of the Sun. 
2. Aboutthe Point O as a Pole, 


deſcribe the Small Circle Pn N Q 
at the diſtance of 70 deg. 20 min | 7 


39 ſec. 4, the Complement of the DUE une. 
Sun's Declination or his diſtance 5. RETIRE 54 
from the Pole (by Caſethe 3d of Problem the 4th;"of Seffion the 2) 
where this interſects the Meridian as in P, it will gin the Place of 
. * 4 2 Her . 
. Thro' the Point Þ draw is P VS, and at Right 
to b the Equator 4 .. F 9 
4. Thro the Poles P and & and the Point ©, draw the Hour- 
Circle POS, and the thing is done; and / R the Aſcenſional Dif 
ference, may be meafured (by Cafe the ad of Problem the 7th, of 
SefFton the 2d,) and the Angle © Y R or the Arch Q, or its Com- 
Oo oo ple» 


2 


; - Þ 
T2 


47 
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plement OP the Latitude of the Place, may be meaſured by the 


Line of Chords. f 
And to determine their Quantities by Calculation, 
In the Spherical Triangle Y R © . aogled at R, are given, 
Y © the Amplitude, and © R the preſent Declination, whence to 
find firſt the Angle G Y R tne Complement ot the Latitude, it will 
be by the 13th Caſe of Right-angled Spherical Triangles, 
As the S. V : S. R: : R: S. O K; that is, 


As the Sine of the Amplitude 32.43 424 — 9.73 29240 

To the Sine of the Declination 19.39.10. — 9.5267557 
So is the Radius ————— — ä VW lo ooooocoo 
To the Co- ſine of the Latitude 51.32. — 9.738317 


Which is North, if the SunRiſes before, or Sets after the ie of Six, 
2. To find the Aſcenſional Difference Y R, it will be (by Caf: 


the 14th) of Right-an;led Spherical Triangles. | 
As the c, * R:cs, Y ©; : Res, YR; that is, 


As the Co- ſine of the Declination 19.39. 10{————9.9739341 
Jo the Co- ſine of the Amplitude 3 2.43.42 — 9.9249204 
So is the Radiug — —ů— — —10,0000000 


—9.9509862 


OS 


To the Co-ſine of the Aſcenſional Differ. 26.42.43 


Which A ſcenſional Difference converted into Time, and ſubſtracted 
from ſix Hours, according to the Direction given in che former Caſe, 
will give 4 h. 13 m. og ſ. for the time of the Sun's Riſing or Hour 
1 . if the Latitude and Declination are both the ſame way, 
Ut, C. Fs 4 — LU 281 0 (i; A ; | 
The Variation of the Compaſs being known, this Problem is of Uſe 
in finding thegatirnde of the Place and the Hour of the Day, at the 
time of the Obſervation. 9 "1 ee r15:06Þ 


| Caſe 55 79 5 


_ Given the Latitude of the Place and Amplitude of the Sun, re- 
2. the preſent 3 Aſcenſional Difference, time of Ri- 


4 


. 


and Setting, Oc. Ex- 


7 
- 
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. 


Example 


In the Latitude of 51 deg. 32 min. North, the Amplitude at Set- 
ting being found to be 32 deg. 43 min. 42 ſec. 1 Weſt: I demand 
the preſent Declination, Aſcenſional Difterence, time of Setting, Cc. 


Anſwer. 


The preſent Declination is 19 deg. 39 min. 10 ſec. 2, the Af- 
cenſional Difference 26 deg. 42 min. 43 lec. the Time of Setting 


7 h. 46 m. 51. 
| Caſe 4 


Given the Latitude of the Place, and the time of the Sun's Riſing 
or Setting, to find the Amplitude and preſent Declination, 


| Example. | 
In the Latitude of 5 x deg. 32 min. North, the Sun was obſerved 


to Riſe at 4h. 13 m. ogf, I demand his Amplitude and preſent 
Declination. 
| Anſwer. 


The Amplitude is Eaſt 3 2 deg. 43 min. 42 ec. 1 " 
preſent Declination 19 deg. 39 min. 10 ſec. 2 North. th, and the 


| Caſe 5. 
Given the time of the Sun's Riſing or Setting, and pref; A 
nation, to find the Latitude of the Place, Amptitide: Cr 1 | 
| Example. V 
The Sun having 19 deg. 39 min. 10 ſec. 1 North Declan : 
found by Obſervation to Riſe at 4 h. 13 m. 39 f. Þ — 
ar h 


Latitude ot the Place, and how far he Riſes to th 
the Eaſt point of the Horizon. © Northward of 


Anſwer. 


The Latitude of the Place is 5 x deg. 32 min. North ang the 4 c.. 
dlitude 32 deg. 43 min. 42 ſec. 7 Eaſt Northward. ns in 
* Oooo 2 Caſe 
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Cafe G. 
iyen the Amplitude and the time of the Sun's Riſing or Setting 
to End the Latitude of the Place and preſent Beciinstion. _ 
I demand the Latitude of the Place and Declination of the Sun, 
when he is found to Riſe at 4 deg. 13 min. og ſec. and 32 deg. 43 
min. 42 ſec. 3 to the Northward of the Eaſt point of the Horizon. 
ee e Anſuer. | 
The Latitude is 51 deg. 32 min. North, and the. Declination is 
19 deg. 39 min. 10 ſec. 4 North. 5 
Given the Latitude of Place and Angle formed by the Meridian, 
paſſing thro the Sun and Horizon, to d the preſent Declination, 
Amplitude, and time of the Sun's Riſing, Setting, &c. 
| Example. ens 
In the Latitude of 51 deg. 32 min. North, the Angle formed by 
the Horizon and proper Meridian being 56 deg. 14 min. 35 ſec. T 
demand the preſent Declination, Amplitude, time of Riſing, Cc. 
| Anſwer... | 
The preſent Declination is 19 deg. 39 min. 10ſec. 2, the Ampli- 
tude 32 deg. 43,min, 42 ſec. 4, and the time of the Sun's Riting 
4h. 13 m. og 1. if the Declination be Northerly, but if Southerly, 
at 7 h. 46 m. 514. for the Data in the Queſtion: is not ſufficient to 
limit the Problem in that Caſe. e.. | | 
Given the preſent Declination, and Angle formed by the Horizon 
and proper Meridian, to find the Amplitude, Latitude ofthe Place, 
and time of the Sun's Riſing and Setting. 


| Example. | 
The. Declination of the Sun being 19 deg. 39 min, 10 ſec. 4 


\ 
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eing 56 deg. 14 min. 35 ſec. I demand the Latitude, Amplitude, 
eme d King, Os. | * 
Anſwer. g 


The Amplitude is 32 deg. 43 min. 42 ſec. 3, the Latitude 
51 deg. 32 min. and the time of the Sun's Riſing 4 deg. 13 m. 
og ſ. if the Latitude be North, but 7h. 46 m. 51 f. if the Place 
be in South Latitude, for the Data in the Problem is not ſufficient. 


to determine it. 
| Caſe 9. 


Given the Amplitude and Angle which the Horizon forms with 
the proper Meridian, to find the Latitude of the Place, the Decli- 
nation of the Sun, and time of his Riſing and Setting. * 


Example. 


demand the Latitude of the Place, preſent Declination, and 
time of the Sun's Riſing, his Amplitude being 32 deg.” 43 min. 42 
ſec . North, and the Angle which the Horizon forms with the pro- 
per Meridian 56 deg. 14 min. 35 ſec, . 


FF Anſwer. 
The Declination is 19 deg. 39 min. 10 ſec. 3, the Latitude is 31 
deg. 32 min. the time of the Sun's Riſing 4 h. 13 m. o9 ſ. if the 
Place of Obſervation be in North Latitude, but 7 h. 46 m. 51 ſ. 
if the Place be in Southern Latitude, for the Queſtion is not in that 
ſufficiently determined. | Wn 

' | Caſe: 1. | 
Given the time of the Sun's Riſing and Setting, and the Angle for- 
med by the Horizon and the proper Meridian, to find the Latitude 
of the Place, preſent Declination, and Amplitude. 


Example. | 
I demand the Latitude of the Place, Declination of the Sun, and 
his Amplitude, he being found to riſe at 4h. 13 m. ogf. and the 
Angle formed by the Horizon and proper Meridian being 56 deg. 


14 min. 35 ſec. | 
> Anſuer. 
The Amplitude is 32 deg, 43 min. 42 ſec. 3, the Declination 


19 deg. 39 min, 10 ſec , and the Latitude 31 deg, 32 min. and 
3 
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are all the ſame Way; that is, all North or all South, becauſe the 
Sun Riſes betore Six, but there is not ſufficient Data in the Problem 
to determine which. 

This Caſe is Ambiguous, as appears by the 24 Example of the 9h 
Caſe of Right-angled Spherical Triangles, but as the Sides and Angles 
required in the great Triangle are only the Supplements of the Sides 
and Angles of the ſmall Triangle, they give the ſame Anſmers, being 
counted from the oppoſite points of the Equator and Horizon. 


Prob. III. 


Caſe 1. 


The Latitude of the Place, and the Declination of the Sun being 
given, to find his Height and Azimuth at the Hour of Six. 


Example. 


In the Latitude of 51 deg. 32 win, North, the Sun having 19 deg. 
39 min. 10 ſec. 5 North Declination. I demand his Heighth and 
Azimuth at the Hour of the Six. | Bop 

The Stereographic Solution upon the Plane of the Meridian. 
| 1. Having drawn the Meridian 
ZONH, the Horizon HO, and at 
Right-angles to it the Prime Verti- 
cal Z V N. » 


.._ 2. Set off the Latigpde 51 deg; 
32 min. from O to P, and draw the 

O Six a Clock Hour Circle PVS, and at 
Right- angles to it the Equator AQ. 


3- Set off the Half-tangent of the 
Sun's Declination-19 deg. 39 min. 
10 ſec. , in the Six a Clock Hour 

| | Circle from Y to ©, then will © re- 
preſent the Place of the Sun, thro which and the Zenith and Nadir, 
if the Vertical Circle Z © R N be drawn the thing is done; and 
RO the Sun's Azimuth from the Meridian may be meaſured by 
Caſe the ad of Problem the 7th, of Section the 2d, and © R the Alti- 
tude may be meaſured by Caſe the 3d of the ſame Problem. 1 
Ms > 7 n 
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And to determine the Lengths by Calculation, 

In the Spherical Triangle Y & R, Right-angled at R are given, 
the Hypothenuſe Y © the Sun's Declination, and the Angle © Y R 
equal to the Arch O P, equal to the Latitude, whence to find 

1. The Altitude at the Hour of Six, it will be by the 24 Example 
of the 5th Caſe of Right-angled Spherical Triangles, 


ASR:S.©VR::S.Y ©:8.@RK; that is, 


As the Radius —- | 10.0000000 
To the Sine of the Latitude of 51.32 9-8937452 
So is the Sine of the Declination 19.39.10 i—- 9.5267557 


— — — 


To the S of the Sun's H eight at the Hour of Six 15. 16.4 9 4295009 


Which is the ſame both Morning and Afternoon. 
2- To find the Azimuth, it will be by the 2d Example of the 4th 
Caſe of Right-angled Spherical Triangles. + 34 


As the R: cs, OR: t, OV t, VR; that is, 
As the Radius IH — Fu —— 10.0000000- 


So is the Tangent of the Declination 19 39.10 4 ——9.5528217 
| — 


To the Co · tangent of the Azimuth from the 9.3466 534 
Meridian 77 deg. 28 min. 29 ſcc 4.— — 
And which muſt always be cointed from the viſible Pole, that 

is, if the Place be in North Latitude it muſt be reckoned from the 

North, but if the Place be in South Latitude it muſt be counted 

from the South; and conſequently in the prefent Caſe if it be in the 

Morning, the Azimuth is North 77 deg. 28 min. 29 ſec. 2 ; Eaſt, 

but if it be in the Afternoon it is North 77 deg. 28 min. 29 fec. Z 

Weſt, or in the Nautical Phraſe the Sun bears Eaſt by North nearly 

at Six in the Morning, but Weſt by North nearly at Six in the Even- 

wes ffs | 

23 the Hour being given, the Variation of the Compaſs is eafi- 

ly found, or the Variation of the Compaſs being known'the Hour is 

eaſily had, or the Altitude being carefully taken, the Hour and Va- 

riatioa of the Compaſs is diſcovered. · . 


And: 
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And becauſe in the ſame Place the Latitude remaining the ſame, 
the Altitude and Azimuth depend upon the Sun's Declination, and are 
ever proportional to it, it follows, that the greater the Declination 
the greater the Altitude, and the leſs the Azimuth; and on the con- 
trary, the leſſer the Declination the leſſer the Altitude, and the greater 
the Azimuth; till at laſt the Declinazion vaniſhing the Altitude 
vaniſhes, and the Azimuth becomes equal to a Quadrant or 90 De- 

grees, and conſequently at that time the Sun will appear due Eaſt in 
the Horizon at Six in the Morning, and due Weſt in the Horizon 
at Six in the Evening, at which time he Riſes and Sets at the Hour 
of Six. | 
For in the Triangle Y © R when the Side Y © becomes equal to 
nothing, the points Y, © and R, coincide, and the Triangle Y OR 
vaniſhes. | 
And again, becauſe the Declination remaining the ſame, the Sines 
of the Altitude are directly proportional to the Sines of the Latitude 
of the Places, it follows, that the greater the Latitude the greater 
the Altitude at the Hour of Six, till at laſt when the Latitude be- 
comes equal to 90 Degrees or a Quadrant, the Height at Six be- 
comes equal to the Declination, and this happens to all thoſe who 
have that Pole in their Zenith, as is the ſame Way with the Decli- 
nation that is to the Northern Inhabitants when the Sun has North 
Declination, but to the Southern Inhabitants when the Sun has South 
Declination. N 
For when the point P returns to and coincides with the point Z, 
that is, when the Axis coincides with the Prime Vertical, the Side 
YR of the Triangle VR Ayaniſhes, and OR becomes equal to Y ©. 
On the contrary, as the Latitude decreaſes the Height and A- 
-zimuth at Six decreaſes, till at laſt when-the Latitude vaniſhes, the 
Altitude at the Hour of Six vaniſhes; and the Azimuth becomes 
equal to the Complement of the Amplitude, equal to the Declina- 
tion, and the Sun appeats in the Horizon, and this happens to all 
thoſe Inhabitants who dwell under the Equator. | Pp | 
For when the Pole P coincides with the point C, that is, when 
the Axis becomes the Horizon, the Side Y © of the Triangle-Y © R 
vaniſhes, and Y R becomes equal to Y ©. r 
And conſequently when the Declination is of a«contrary Denomi- 
nation to the Latitude of the Place, the Sun does not appear above 
the Horizon till after the Hour of Six, and the fourth Number 


found in this Caſe ſhews his Depreſſion at that time. Prob 
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Prob. III. 


: | _ Caſe 2. | | 

Given the Sun's Declination and his Altitude at the hour of Six. 

to find the Azimuth and Latitude of the Place of Obſervation, * 
3285 2 Example. ' 

The Sun having 19 deg. 39 min. 10 ſec. 5 of North Declination 
his Altitude at the hour of Six is found to be 15 deg. 16 COIs: 
I demand his Azimuth and the Latitude of the Place of Obſervation 

The Stereographic Solution upon the Plane of the Meridian. 

1. Having drawn the Meridian :. | 
Z ON, the Horizon HO, and at 2 
Right- angles to it the Prime Vertical 
Z Y N, about the Center Y with the 
Semi-tangent of the Sun's Declination 
19 deg. 39 min. 10 ſec. : deſcribe the 
Parallel O. n 


2. At the diſtance of 74 deg. 43 min; + 

56 ſec. the diſtance of the Sun from 
the Zenith, or Complement of the 
Altitude, deſcribe the Parallel or 


Small Circle m On, (by Caſe the 4 
of Prob. the 4th, of Sef. the 2d) where this interſects the former 


Parallel in ©, it will give the Place of the Sun; thro' which point 
and the Center V, draw the Six a Clock Hour Circle PV 5, and 
at Right-angles to it the Equator AV . vil! 
3. Thro' the Point © and the Zenith and Nadir, draw the Ver- 
tical Circle Z ON and the thing is done; and R O the Sun's Azi- 
muth may be meaſured (by Caſe the 2d of Prob the 7th, of Sect. the 
24 of Part the 4th,) and the Angle OV R or Arch PO, equal to 
the Latitude of the Place of Obſervation, may be meaſured by the 


Line of Chords. | * | 
F Togarithmicaly, or by Calculation. 

In the Spherical Triangle GV R Right-angled at Rare given, 
© Y the Sun's Declination, and ©. R, his Altitude, whence to find 
R the Complement of the Azimuth from the Meridian, it will 
be (by the 14th Caſe of Right-angled Spherical Triangles. 

Pppp AS 


- 
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Maes Re Nat Ves, R, that is, 
As the Co- ſine of the Altitude 15. 16.04 9.98439 
To the Radius — — — 
So is the Co- ſine of the Declination 19.39.104 ——-—9.973934, 
To the S. of the Azimuth from the Meridian 77.8.2 T8558 
Which becauſe the Declination'is North, muſt be counted from 
the North towards the Eaſt if it be in the Morning, but towards the 
Z on, HER 925 norte 
2. To find the Latitude qr Angle O V R, it willbe by the 131 
Caſe of Right-angled Spherical Triangles,” | 5 | 
As the S. 7 O: R: :S. OR: S. OY R; that is, 
As the Sine of the Declination 19.39. 107 —— —9:5267557 
To the Radiu  ————— 10.00 
—9.4205009 


To the Sine of the Latitude 51,32————— —9.8937452 
Which is Northerly, becauſe the Declination is Northerly. © 
By the help of this Problem the Latitude of the Place may be 
obtained from the height of the Sun at the hour of Six, which may 
ſometimes be of Uſe to the Induſtrious Navigator. 


* | . 1 * Prob. III. | 
| Fs Cafe 3. | 
Siren the Azimuth at the hour of Six, and the Declination, to 
find the Altitude, and the Latitude of the Place of Obſervation. 
Example. The Sun having 19.39. 10 N. Declination, his Azimuth 
at ſix in the Morning was found to be N. 77. 28.294 E. I demand, G. 

Ne Stereographic Solution upon the Plane 

EB le Meridian. 

1. Having drawn the Meridian 
ZONH, the Horizon HO, and at 
Right-angles to it the Prime Vertical 

O ZN with the Semi-tangent of the 
.  - Sun's Declination x9 deg. 39 min. 
10 ſec. 2, deſcribe the Parallel 0© 9 
I 8 about the Center F as a Pole, 


* 
* . 


So is the Sine of che Height 5 1-16.04 3 


2 Set 


f 
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2. Set off the Semi- tangent of the Complement of the Azimuth 
12 deg. 31 min. 30 ſec. 3, from Tin the Horizon to R, or with the 
Secant of the Azimuth 77 deg. 28 min. 29 ſec. 4, ſetting one foot 
of the Compaſſes in Z or N, the other Foot reſting in the Horizon 
He o produced, deſcribe the Vertical Circle Z R N, where this in- 
terſects the Parallel o © q before drawn, it will give the Place of 
the Sun, thro which and the Center V, if the Hout Circle P'S V1 $ 
be drawn the thing done; and © R the Sun's Altitude may be mea- 


Angle © R or the Arch O the Latitude may be found by the 
Line of Chords. f nt 

In the Spherical Triangle © Y R Right-angled at R, are given, 
© the Sun's, Declination, R the Complement of the Sun's Azi- 


muth, whence to find firſt © R his Altitude, it will be by the 2d 
Example of the 14th Caſe iof Right-angled Spherical Triangle, Ji: 


As the cs, VR: R: cs, VO: cs, OR; that is, 


As the Sine of the Azimuth 77.28.29 —— . 9.989534 
To the Radius 2 — 0 

So is the Co- ſine of the Declination 19.39. 101! — —9 9739342 
To the Co- ſine of the Altitude 15.16.04 EDEN. 9.9843 948 | 


2, To find the Angle © 1. & the Latitude, it will be by the 24 
Example ot the 12th Caſe of Right-angled Spherical Triangles, WES 
_ ASR:t,VR::ctV ©:cs,<OTYR; that is, 
As the Radius —— . 
To the Co: tangent of the Azimuth 77.8.2919. 
So is the Co- tangent of the Declination 19.39.10 r 783 | 


To the Co- ſine of the Latitude 51.32——— —9 7538317 


Which is North, becauſe the Declination is Northerly. | 
The Variation of the Compaſs being known, the Latitude of 
the Place of Obſervation may be found by the help of this Problem. 
Pppp 2 ; Caſe 
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Given che Altitude of the Sun, and his Azimuth at the hour of 
Six, to find the Declination, and Latitude of the Place of Obſer- 


vation. 7 0A 1 
fer 2 Example. | 
At Six in the Evening, the Altitude of the Sun was found to be 
15 deg. 16 min. o4 ſec. and his Azimuth 77 deg. 28 min. 29 ſec, ? 
North Weſtward... I demand the Declination of the. Sun, and the 
Latitude of the Place of Obſervation ? ', | __ 
at | Anſwer. COT 
The Sun's Declination is 19.39. 10 N. and the Eatitude 5 1.32 N. 
7 . 
Giren the Latitude of the Place and the Sun's height at the hour 
of Six, to find the Declination and Azimuth, 
85 | Example 
In the Latitude of 51:32 North, the Suns height at Six in the Morn- 
ing was found to be 15.06-04, I demand his Declination and Azi- 


His Declination is 19 deg: 39 mn. 10 ſec. ?, and Azimuth Norti 
77 deg. 28 min. 29 ſec. 4 Eaſt. 5 ä 
5 3 

Given the Latitude of the Place, and Azimuth of the Sun at the 
hour of Six, to find the Altitude and -Declination; - 


DU 


33 Example. 

In the Latitude of 51 deg. 32 min. North, the Sun's Azimuth at 
Six in the Morning was found to be North 77 deg. 28 min. 29 ſec. 
Eaſt. I demand the Altitude and preſent Declination? 

ee I Anſwer; . 

The Altitude is 15 deg. 16 min. 04 ſec. and Dechnation 1 9 deg; 

39 min, 10 ſec. 4 North. | 
| 80 Caſe 7. 


Given the Latitude of the Place and Angle formed by the Verti- 


cal and Six a Clock hour Circle, to find theSun's Height and Azimuth 
at the hour of Six, and his preſent Declination, Ex- 
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| Hh Example. | 

In the Latitude of 51 deg- 32 min. North, the Sun being upon 
the Six a Clock hour Circle in the Morning, the Angle formed by: 
the Vertical and Six a Clock hour Circle is found to be 40.deg o 
min. 07 ſec, 4 I demand the Sun's Decſination, his Height and. Azi- 
muth at that time, 1 5 

N Anſwer. | 

The Sun's Declination 19 deg. 39 min. 10 ſec. ; North, his Al- 
titude 15 deg. 16 min. 04 ſec. and his Azimuth North 77 deg: 28" 
min, 29 ſec. 2 Eaſt, | #7 

Cafe 8. | 

Given the Sun's Declination, and the Angle formed by the Ver- 

tical Circle paſſing thro the Sun and the Six a Clock hour Circle, to 


find his Altitude, Azimuth and Latitude of the Place, he being 
ſuppoſed to be on the Six a Clock hour Circle: 


Example. 

The Sun being upon the Six a Clock kour Cirele, there is giveng , 
the Declination equal to 19 deg. 39 min: 10 ſec. 7, and the Angle 
formed by the Vertical and Six a Clock hour Circle equal to 40 deg. . 
o9 min. 07 ſec. 3. I demand the Sun's height and Azimuth, and La- 
titude of the Place? | 

| - Anſwer: 
The Sun's Height is 15 deg. 16 min. 04 ſec. his Azimuth is North 
77 deg. 28 min. 29 ſec. 4 Eaſt, (if in the Morning) the Latitude 5: : 
deg. 32 min. North. 
| Caſe 9. 


There is 23 Sun's Height at the hour of Six; and the- 
Angle formed by the Vertical and Six a Clock hour Circle, to find. 
his Azimuth, Declinationy. and the Latitude of the Place. 


Example. 

The Sun being upon tlie Six a Clock hour Circle, there is given 
his Height equal to 15 deg. 16 min. 04 ſec. and the Angle formed 
by the Vertical and Six a Clock hour Circle equal to 40 deg. - 09 
min.'07 ſec. 4. I demand the Declination, Azimuth and Latitude 
of the Place? 72 Auſuen 


302 9 Aſtronomical Problems. | 


3 Anſwer. - 

The Declination is 19 deg. 39 min. 10 ſec. 7, Azimuth 77 deg. 
28 min. 29 ſec. 3, and Latitude 5r deg. 32 min. but whether the 
Declination and Latitifde be North or South, or whether the Azi- 
muthmuſt be counted from the North or South, is not to be de- 
termined by the Data in the Queſtion. 

Caſe 10. Doubtful. 

There is given the Sun's Azimuth at the hour of Six, and the An- 
gle tormed by the Vertical and Six a Clock hour Circle, to find his 
Declination, Altitude and Latitude of the Place. | 


Example. 

The Sun being upon the Six a Clock hour Circle, there is given, 
his Azimuth North 77 deg. 28 min. 29 ſec-4 Eaſt, and the Angle 
tormed by the Vertical and Six a Clock hour Circle equal to 40 deg. 
og min. o/ ſec. 3, to find the Altitude, Declination, and Latitude 
of the Place. | Anſwer. 

The Sun's Altitude is 15 deg. 16 min. 04 ſec. his Declination 19 
deg. 39 min. 10 ſec.?, and the Latitude of the Place 51 deg · 32 min. 


North, | 
Prob. IV. 


| 5 Caſe 1. | | 
The Latitude of the Place, and the Declination of the Sun being 
given, to find his Height and the time when he will be upon the 
Prime Vertical. 7 pow 

In the Latitude of 51 deg. 32 min. North, the Sun's Declination 
being 19 deg. 39 min. 10 ſec. N. I demand his Height and the 
time when he will appear due Eaſt and Weſt. | 

| 1. Having drawn the Meridian 
ZONH, the Horizon HO, and at 
Right-angles to it the Prime Verti- 
cal, or Circle of Eaſt and Weſt ZY N, 
ſet off the Latitude of the Place 51 
deg. 32 min. from O to P, and draw 
the Axis PS, andat Right-angles to 
it the Equator 4 . 

2. About the Pole P at the diſ- 
tance of 70 deg. 20 min. 49 ſec 3, 
the Complement of the Sun's Decli- 

nation 


nation, deſcribe the Parallel of Declination or Small Circle m © z, 
by Caſe the 2d of Prob. the 4th, gt Seft. the. 2d, where this interſects 
the Prime Vertical Z V N in ©, it gives the Place of the Sun when 
he appears due Faſt or Weſt. © 4 | 
3. Thro' the Point © and the Poles P and S, draw the Meridian 
or hour Circle P © F, and the thing is done, and Y © the Sun's Al- 
titude, and V R the time before and after the hour of Six, may be 


7 


meaſured by Caſe the 2d of Prob. the 7th, of Sect. the 2d. 


Logarithmically, or by Calculation. 


In the Right-angled Spherical Triangle Y © R Right-angled at 
R, are given, OR the Sun's preſent Declination; and the Angle 
© R equal to the Latitude, fwhence to find firſt Y R his 
Altitnde-apon-the Prime Vertical, it will be by Caſe the 10th of 
Right-angled Spherical Triangles, 

As S. OTYR:R::S.©R: S. O; that is, 


As the Sine ot the Latitude 5 1.3 2—————— —9.8937452 | 
To the Radius — - 10.0000000 
So is the Sine of the Sun's Declination 19.3 9-10 J 9.5267557 


To the S. of the height upon the Prime Vert. 25. 26. 1919.63 30 105 


— — — 


Which is the fame whether the Sun appears due Eaſt or Weſt. 
2- To find the time when he will appear due Eaſt or Weſt, it 
will be by the tb Caſe of Righi- angled Spherical Triangles, 
As the t, CO R: R:: t, OR: S. YR; that is, 


As the Tangent of the Latitude 531.32 10.0999135 
To the Radius . — CIS 10.0000006 

So is the Tangent of the Declination 19.39. 10 9.5528217 
To the Sine of the Arch V R equal to 16. 28.29 9.45 29082 


— — 


the time before or after the hour of Six, or to the Co- ſine of che Arch 
AR the time from Noon, equal to 73 deg. 3 1 min. or ſec. this 
converted into Time, will give 4 h. 54 m. 04 ſ. for the time when 
the Sun will appear due Weſt in the Afternoon, but ſubſtracted from 
12h. oO m. oof. will give 7h. of m. 56. for the time when he 
will appear due Eaſt in the Morning, Or 
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The Arch V. R equal to 16 deg. 28 min. 59ſec. equal to th. 05m. 
56 l. ſubſtracted from ſix hours, Will give 4 h. 54 m. og ſ. for the 
time when the Sun will appear due Weſt, but added to ſix hours 
will give 7 h. 5 m. 5of. for the time when the Sun will appear due 
Eaſt, as before determined; at each of which times he will be 
ſeen 25 deg. 20 min. 20 ſec. above the Horizon. 
This Caſe is doubtful, as appears by the 9th Caſe of Right-angled 
Pherical Triangles ; but inaſmuch as the Sides of the Great Triangle 
are the Supplements of the Sides of the leſſer Triangle, if they are 
counted the contrary way they will-produce the ſame Anſwers, for 
as the Arch Y R equal to 1 h. o5-min. 50 ſec. counted from ſix in 
the Morning, gives 7h. oß min. 50 ſec. for the time when the 
Sun will appear due Eaſt, its Supplement 10 h. 54 min. 10 ſec. 
or the Arch YA R the Side of the great Triangle counted from the 
ſame hour will give 4 h. 54 m. 10ſ. for the time when the Sun 
will appear due Weſt, and as the Arch Y © 25 deg. 26 min. 19 ſec, 
2, counted from the Horizon, gives the height of the Sun in the 
Morning, or when he appears due Weſt, ſo its Supplement 153 deg. 
33 min. 40 ſec. 5, or the Side of the great Triangle counted from the 
ſame point in the ſame Vertical Circle, will give 63 deg. 33 min. 
40 ſec. ifor his Zenith Diſtance, or 25 deg. 26 min. 19 ſec. 5 for 
his Altitude, when he appears due Weſt in the Afternoon, as before 
determined. - e | 
By the help of this Problem likewiſe, if the hour of the Day be 
known, the Variation of the Compaſs en be found, or the 
Variation of the Compaſs being known the hour is eaſily had, or the 
Altitude being carefully taken at that time, the Hour of the Day and 
the Variation of the Compaſs is readily diſcovered, as is very evi- 
dent to che Inteligent Reader. | 
This and the former Problem are uſeful in finding the Declinati- 
on of Walls, c. . | - | 
And becauſe in the ſame place the Latitude remaining the ſame, 
the Sines of the Altitudes are ever as the Sines of the Declinations, and 
the Sines of the Times directly as the Tangents of the ſame Decli- 
nation, it follows, that the greater the Declination the greater the 
Altitude, and the grearer the Diſtance of Time from the hour of 
Six, and on the contrary, the leſſer the Declination the leſſer the Al- 
titude, and the nearer does the time approach to the hour of Six; till 
at laſt, when the Declination ceaſes the Altitude vaniſhes, and the 
Sun appears in the Horizon upon the Prime Vertical, at the hour 


of Six in the Morning and Evening. For 
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For in the Triangle J R where the Side O vaniſhes, the 
points O, R, and V coincide, 

And becauſe, the Declination remaining the ſame, the Sines of the 
Altitudes are reciprocally proportional to the Sines of the ſevetal 
Latitudes, and the Sines of the times from Six reciprocally, as the 
Tangents of the reſpective Latitudes, it follows, that the greater the 
Latitude the leſs will be the Altitude, and the leſs the time from the 
hour of Six, till when, the Latitude becomes equal to a Qudrant, 
the Altitude becpmes equal to the Declination, and the time be- 
comes equal to ſix Hours; and this happens at all times when the 
Sun is viſible to thoſe who have either Pole in their Zenith. | 

For when the Point P returns into Z, that is when the Arch PZ 
vaniſhes, the point R returns into V, and © V becomes equal to 
OR, and the Triangle Y © R vaniſhes. 

On the contrary, the leſſer the Latitude the greater will be the 
Altitude, and the nearer does the time approach to Noon, till when 
the Latitude becomes equal to the Declination, and the ſame Way 
the Sun appears at a quadrantal Diſtance from the Horizon, in the 
Prime Vertical upon' the Meridian, and conſequently in the Ze- 
nith of the Place where he is due Eaſt or Weſt, and this happens at 
certain times to all thoſe who inhabit between the Tropics, that is, 
to the Northern Inhabitants when the Sun has North Declination, 
and to the Southern Inhabitants when he has South Declination. 

For in the Triangles © V R, when © R becomes equal to AZ, 
the points © and Z, Rand A coincide, and Y' © and Y R become 
equal to Y Z and V A, that is equal to Quadrants. 

But when the Latitude of the Place becomes leſs than the Decli- 
nation, the Sun never arrives upon the Prime Vertical, but conſtant- 
ly keeps on the ſame Side of it, that is either to the Northward or 
Southward of it, according as the Place is ſcituated either to the 
Northward or Southward of the Equator: For when the Arch PO 
equal to Z A is leſs than Am, the point m, and conſequently the whole 
Parallel m falls on the ſame Side, or in thisCaſe to the Northward 
of the Prime Vertical Z N; and conſequently when the Latitude 
of the Place and the Declination are contrary, the Sun never appears 
till he is paſt the Prime Vertical, and the Number found in this 
Caſe ſhews the Depreſſion. oy | 


Qqqq Prob. 


Ss 


30 


Aſtronomical Problems. 


Prob. IV. 
| Caſe 2. 


The Sun being upon the Prime Vertical, there is given his Alti- 
tude and preſent Declination, to find the Latitude of the Place and 
hour of the Day. | 5 

| Example, | 

The Sun having 19 deg. 39 min. 10 ſec. 5 NortlfDeclination, and 
25 deg. 26 min. 19 ſec. 4 of Altitude upon the Prime Vertical. I 
demand the Latitude of the Place of Obſervation and hour of the 
Day. 

_—_ The Stereograhic Solution upon the Plain of the Meridian. 
4:2; 1. | Having drawn the Meridian 
. Z O NH, the Horizon HO, and at 
* : 


| p | | 
7 Right-angles to it the Prime Verti- 
N cal Z N, ſet off the Semi- tangent of 
* 
Yi f— y 
72 
* 


* 
® 


Sun's Declination, deſcribe the Small 


Circle m Pn, where this interſects the Meridian, it will give the 
Place of the North Pole. 

3. Thro' the Pole and the Center Y draw the Six a Clock Hout 
Circle P V S, and at Right- angles to it the Equator 4 0 

4. Thro' the Poles P and & and the point ©, draw the Meridian 
2 OS, and the thing is done; and RA the Hour from Noon may 
be meaſured by Cafe the 24 of Problem the 7th of Sefion the 2d, 
and the Angle © Requal to the Arch A Z the Latitude, may be 


| 25 deg. 26 min. 19 ſec. à, the Sun's 

Altitude from Y to ©, this will re- 

, 073 preſent the Place of the Sun, 
2 


2. About the Point © as a Pole, 
at the diſtance of 70 deg. 20 min, 
49 ſec. + the Complement of the 


meaſured by the Line of Chords. 


Logarithmically, or vy Calculation. 

In the Spherical Triangle © Y R, Right-angled at R are given 
D the Sun's Altitude, and DR his preſent Declinati on, whence to 
find firſt the Angle © Y R equal to the Latitude, it will be by the 
13th Caſe of Right-angled Spherical Triangles, 


AS 
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As the S. O W: 8. OR: R: S. OY R; that is, 


As the Sine of the Altitude 25. 26. 191 —— — 9.6330 105 
To the Sine of the Declination-1 9439.104 — 9.5267557 
So is the Radius — — —— 10.0000000 
To the Sine of the Latitude 51.32 ———— 9.8937452 


Which is North becauſe the Declination is North. a4 
2. To find the Time, it will be by the 14th Caſe of Right-angled 
Spherical Triangles, | 

As cs, OR: R: : cs, O: cs, RY: that is, 


As the Co- ſine ot the Declination 19.39. 104 9.9739342 
To the Radius | ———10.0002009 
So is the Co ſine of the Altitude 25.26:19i———————g.9;57691 , 


— —ł 


To the Sine of the hour from Noon 73.3 1.3 19817745 


Equal to 4h. 54m. oꝗſ. when the Sun will appear due Weſt in the 
Afternoon, and this taken from 12 Hours will leave 7h. 5m. 561. for 
the time when the Sun will appear due Eaſt in the Morning. 

The Variation of the Compaſs being known, the time when he ap- 
| pears due Eaſt or Welt may be had, and from his Height obſerred 
at that time, the Latitude of the Place may be found by the help 

ol this Problem. | 


Prob. IV. 


Caſe 3. | 
The Sun being upon the Prime Vertical there is given, the De- 
clination and the time of the Day, to find the Altitude and Latitude 
of the Place. | 
Example. 


The Sun having 1 g deg. 39 min. 10 ſec. 2 of North Declination, 
was obſerved to be upon the Prime Vertical at 4 h. 54 m. 041. in 
the Afternoon. I demand his Altitude and the Latitude of the 
Place of Obſervation. 5 a 

Qqqq 2 The 


Aſtrauomicul Problems. 
De Stereographic Solution TR the Plane of the Meridian, 
| Having drawn the Meridian 
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| ZONE. the Six a Clock Hour 
Circle P S, and at Right-angles to 

DB, iir the ·Equator 4 ©, ſet off the Semi- 
< tangent of the Complement of the 
O hour from Noon 16 deg. 28 min. 59 


ſec. from Y to R, and draw the _ 
ridian PRS. 


E 2. Set off the given Declination 
19 deg. 39 min. 10 ſec. ] from R to 
O, by Caſe the 3d of Pgeblem the 61h 
of Seftion the 24, then will. SQ repreſent the Place of the Sun, 

3. Thro' the Point © and the Center Y draw the Prime Verti- 
cal Z O N and the thing is done; and V © the Sun's Altitude 
may be meaſured (by Caſe? the 2d of Prob. the 7th, of Seft. the 24) 
and the Angle Z Y A or the Arch Z A the Latitude, may be mea- 
ſured by the Liue of Chords. 

Logarithmically, or by Calculation. 8 


In the Spherical Triangle. © Y R Right-angled at R are given, 
SR * preſent Declination, and YR the hour om Six, whence to 
find © V, the Sun's Altitude, it will be (by the 1ſt Caſe of Right- 
angled Spherical Triangles, 
g As R: cs, OR: VR e that is, 
As the Radius —— — —„V—„⸗'ääV— 0.000900 


963—＋ͤ*„ — 


To the Co- ſine of the Declination 19.39. 104 9. 9739342 
So is the Sine of the hour from Noon 73.31.01 ——=» 9. 917749 


To the Co-ſine of the Altitude 25 26. 191 .— 99557091 


2. To find the Latitude of the place of Obſervation, i it will be 
by Cafe the 2d of Right-angled Spherical Triangles, 
As the S. VR: R:: t, OR: t, Oy Rz; that is, 
As the Co- ſine of the hour from Noon 73.3 1.01 9. 4529082 
To the Radius ————— - ——— 10.0000000 
80 is the Tangent of the Declination 19. 3 9. 10f-—9.55221 87 
Io the. Tangent ot the Latitude 51.32 —==_—_———I0 To-0999135 


. 


Which 
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Which is North becauſe the Sun's Declination is Northerly. 


The time when the Sun is upon the Prime Vertical being kgown, 
he Latitude of the Place of Obſervation, and the Variation of 


the Compaſs may be obtained by the help of this Problem. 
f Caſe 4. 
Given the Latitude of the Place and Altitude of the Sun upon 
the Prime Vertical, to find the Declination of the Sun and Hour of 


the Day. 


Example. 

In the Latitude of 5 1-3 2 North, the Sun's Height upon the Prime 
Vertical was found to be 25 deg. 26 min. 19ſec. 5.1 demand the 
preſent Declination and hour ot the Day. 

PF Anſwer. 

The preſent Declination 19 deg. 39 min. 10 ſec. 7, and the Hour 
4 h. 54m. 4. in the Afternoon it the Sun was in the Weſtern Semi- 
circle, but 7 h. 5 m. 56 in the Morning, if the Sun was in the Eaſt- 


ern Semicircle. 
Caſe 5. 


Given the Altitude of the Sun and hour of the Day, when the 
Sun appears upon the Prime Vertical, to find the Declination, and. 


Latitude of the Place of Obſervation. 
Example 


The Sun being upon the Weſtern Quadrant of the Prime Vertical 
at 4 h. 54 m. og ſ. his Altitude was found to be 25 deg. 26 min. 
19 ſec. 5 I demand his Declination, and the Latitude of the Place of 


Obſervation ? | 
xx Anſwer. 
The Sun's Declination is 19 deg. 39 min: 10 ſec. z, and the La- 


titude of the Place is 5x deg. 32 min. and both the ſame way, but 
whether North or South is not ſufficiently determined by this Data. 


| | | Caſe 6. . | | 8755 | 
Given the Latitude of the Place, and hour of the Day when the 
Sun appears upon the Prime Vertical, te find the Declination and 


Altitude above the Horizon. 
1 | In 
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8 Example. | 

In the Latitude of 51 deg 32 min. North, the Sun was obſeryeq 
to be upon the Prime Vertical at 7 h. 5 m. 56 ſ. in the Morning, 
I demand his Declination and Altitude at that time. 


Anſwer. 


His Altitude is 25 deg. 26 min. 19 ſec. 2, and his Declination 
19 deg: 39 min. 10 fec. 4 North. 5 


Caſe 7. 


The Sun beine upon the Prime Vertical there is given the Lati- 
tude of the Place, and the Angle which the Meridian paſſing thro! 
the Sun forms with the Prime Vertical, to find the Sun's Declination 
his Altitude, and hour of the Dav. _— | 


Example. 


In the Latitude of 51 deg. ' 32 min. North, the Sun being in the 

Weſtern Semicircle, the Angle that the Meridian paſſing thro the 

Braun formed with the Prime Vertical being 41 deg. 20 min., 27 ſec. 
I demand his Altitude, Declination, and liour of the Day. 


Anſuer. 


The Altitude is 25 deg. 26 min. 1 9 ſec. 4, the Declination 19 
deg. 39 min. 10 ſec-4 North, and the hour 4 h. 54 m. 4. in the 
Afternoon. f 


be” | Caſe 8. 
W's The Sun being upon the Prime »Vertical there is given, his De- 
5 clination, and the Angle that the Meridian paſſing thro the Sun 


forms with the Prime Vertical, co find tre Latitude of the Place, 
the Altitude of the Sun, and hour of the Day. 


Example. 


The Sun being upongthe Eaſtern Quadrant of the Prime Vertical, 
and having 19 deg. 39 min. 10 ſec. ĩ North · Declination, the Angle 
that the Meridian paſſing thro” the Sun formed with the Prime Ver- 
tieal, was found to be 41 deg. 20 min. 27 ſec. I demand the Al- 
titude, hour of the Day, and Latitude of the Place. 


Aufwor 
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Anſwer. 


The Sun's Altitude is 25 deg. 26 min. 19 ſec. ?, the Latitude 
51 deg. 32 min. North, and the hour 07 h. of m. 56 ſec. in the 


Morning. 
Caſe g. 


The Sun being upon the Prime Vertical there is given, his Alti- 
tude, and the Angle which the Meridian paſſing thro' the Sun forms 
with the Prime Vertical, to find the Latitude of the Place, Decli- 
nation of the Sun, and Hour of the Day. 


Example. 


The Sun being upon the Prime Vertical, his Altitude in the Morn- 
ing was found to be 25 deg. 26 min. 19 ſec, 7: and the Angle which 
the Meridian paſſing thro the Sun, formed with the Prime Vertical 
was 41 deg. 20 min. 27ſec. I demand the Latitude of the Place, 
Declination of the Sun, and hour of the Day. | 


Anſwer. 


The Hour is 7 h 5 m. 56 ſ. the Declination 19 deg- 39 min. 
10 ſec. , and the Latitude 51 deg- 32 min. the ſame way with the 
Declination, but whether they be North or South is not ſufficiently 
derermined by the Data in the Problem. | | 


Caſe 10. Doubtful.” 


The Sun being upon the Prime Vertical there is given, the hour 
of the Day, and Angle which the Meridian paſſing thro” the Sun, 
forms with rhe Prime Vertical, to find the preſent Dechnation, Al- 
titude, and Latirude of the Place. * 


Example. 


At 4 h. 54 m. 041. in the Afternoon, the Sun being then upon 
the Prime Vertical, the Angle which the Meridian paſſing thro' the 
Sun formed with the Prime Vertical being 41 deg. 20 min. 27 ſec. 
I demand che Sun's Altitude, his Declination, and the Latitude of 
the Place of Obſervation. 


| 5 Anſwer. 0 
The Sun's Altitude is 25 deg. 26 min. 19 ſec. {, the Declinati 
19 deg. 39 min. 10 ſec. 7, and the Latitude of the Place of Obſer- 
vation 5 1 deg. 32 min. the ſame way with the Declination, but 
| i whether 


* . * 3 Fo 
» , - - „ % * 
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whether North or South is not ſufficiently determined by the Data 
in the Queſtion. 


Prob. V. 
Caſe 1. | 


The Sun being upon the Equator, the Latitude of the Place is 
given and the hour of the Day, to find the Sun's Height, and A- 
zimuth at that time, | | | 


| Example. $9 
In the Latitude of 51 deg. 32 min. North. I demand the Sun's 
Height and Azimuth at half an Hour paſt Three in the Afternoon, 


or at half an Hour paſt Eight in the Morning, each of which times. 
are Three Hours and a half diſtant from Noon. 


The Stereographic Solution upon the the Plane of the Meridian. 


1. Having drawn the Meridian 
Z ON AH, the Horizon HO, and at 
Right-angles to it the Prime Vertical 
ZN, ſet off the Latitude of the Place 
51 dep, 32min, from O to P, and draw 
the Six a Clock Hour Circle P Y 5, 
45 Rig hi- angles to it the Equator 
42. | = | 
| 2. Set off the Semi-tang. of 37 deg. 
30 nin. the Complement of the hour 
from Noon reduced into Degrees, Cc. 
5 | in the Equator from Y. to ©, then 
will © repreſent the Place of the Sun thro which point, and the 
Zenith and Nadir, if the Azimuth or Vertical Circle Z © R N be 
drawn, the thing is done; and HR the Azimuth from the Meridi- 
an, may be meaſured by Caſe the 24 of Problem the 7th, of Section 
the 2d, and © R the Altitude may be meaſured by Caſe the 3d of 
the ſame Problem. | 


Logarithmically, or by Calculation. 


In the Spherical Triangle © Y R Right-angled at R, are given, 
© the hour from Six, and the Angle © Y R equal to the Arch 
AH, the Complement of the Latitude of the Place, whence to find 
© R the Sun's Altitude at that time, it will be by the 24 Example 
of the 52h Caſe of Rigbi- angled Spherical Triangles, As 


8 


* * ” Tn \ 
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As the Radius ((ꝛ ẽↄↄꝓ« n — = 10.02000600 
To the Co-ſine of the hour from Noon 52.30 9.7844471 
So is_the Co-ſine of the Latitude 51-32 — — 9.79383 17 


To the Sine of the height at that Hour 22.15.08 —9. 5782788 


— 


Whether it be Forenoon or Afternoon. 
2. To find the Azimuth, it will be by the 24 Example of the 4th 


Caſe of Right-angled Spherical Triangles, | 
As R: es, OY R: t, OV: t, Y Rz; that is, 
As the Radius — 10.0000089 


— 


To the Sine of the Latitude 531.32 Wy oP 2 
So is the Co- tangent of the hour from Noon 52.30 —9. 8849805 


To the Co- tang. of the Azim. from the Merid- 59.00. 10 9.787257 


Which muſt be counted from the inviſible Pole, ſo that it if 

the time given be in the Forenoon, it is South 59 deg. oo min. 10 
ſec. Eaſt, but if the time given be in the Afternoon, it is South 59 
deg. oo min. 10 ſec. Weſt, or according to the Nautical Phraſe, the 
Sun at half an Hour paſt Eight in the Morning appears S. E. by E. 
+ E. nearly, and in the Afternoon at half an Hour paſt Three he ap- 
pears S. W. by W. + Weſterly nearly. 

And becauſe in the ſame Place the Latitude remaining the ſame, 
the Sines of the Altitude are directly proportional to the Co- ſines of 
the hour from Noon, it follows, that the nearer the time is to Noon 
the greater is the Altitude, till when the Sun arrives upon the Me- 
ridian, the Altitude becomes equal to the Complement of the La- 
2 and the ſame will happen to all the Inhabitants upon the 

arth. Big IJ! 92d 
For when the point @ arrives at 4, O will become equal to 
A ora Quadrant, and © R will become equal to AH. : 

And on the contrary, the greater is the diftance of the time from 
Noon, the leſſer is the Altitude, and the greater is the Azimuth, till 
when the Sun is got at a Quadrantal, or at the diſtance of Six Hours 

Rrrre from 


CO * - ” 2s 


« 
2 
* 
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either of the Poles. 


the Equator" A Q coincides with the Horizon O, at which time 


— 
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from the Meridian, the Altitude vaniſhes, and the Azimuth be- 
comes equal to go Degrees or a Quadrant, and the Sun appears at 
Riſing and Setting in the Eaſt orWelt points of the Horizon ; and this 
happens at this time to all the Inhabitants upon the Earth, except 
juſt under either of the Poles : For when the point © arrives at Y, 
the points ©, R, and V, coincides, and conſequently the Arch OR 
vaniſhes, and the Arch H R becomes equal to H V. 

Again, the Hour remaining the ſame, becauſe the Sine of the 
Height is directly proportional to the Co- ſine of the Latitude, and 
the Co- tangent of the Azimuth to the Sine of the Latitude, it to]. 
lows, that the greater is the Latitude, the leſſer will be the Alti- 
tude and the Azimuth from the Meridian at the fame time; and con- 
ſequently when the Latitude is equal to a Quadrant or 9o Degrees 
the Altitude vaniſhes, and the Sun appears in the Horizon at the 
Azimuthal diſtance of the Hour converted into Degrees from the 
Meridian, and this happens particularly to thoſe who dwell under 


For when the Pole Point P coincides with the Zenith Point 2 


the Arch OR vaniſhes, and H R becomes equal to 4 ©, 
And on the contrary it follows, that the lefler is the Latitude, the 
greater will be the Altitude and Azimuth from the Meridian at the 
ſame time, till when the Latitude ceaſes, the Altitude becomes e- 
qual to the Complement of the Hour from Noon converted into 
Degrees, and the Azimuth becomes conſtantly equal to a Quadrant 
or 9o Degrees, and conſequently the Prime Vertical becomes the 
Path of the Sun's diurnal Courſe ; and this happens particularly at 
this time, to all thoſe who dwell under the Equator. | 
For when the Pole Point P coincides with the Northermoſt Point 
of the Horizon O, the Axis or Six a Clock Hour Circle coincides 
with the Horizon, and the Equator A © coincides with the Prime 
Vertical Z N, at which time the point R returns into Y, the Arch 
R vaniſhes; and H R becomes equal to H V, and TY © becomes 
equal to H m. | 


Prob. 


2 
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Prob. V. 


Caſe 2. 


The Sun being in the Equator there is given, the Latitude of 
the Place and the Altitude of the Sun, to find the Azimuth of the 
Sun and hour of the Day. . | 


Example. + 
In the Latitude of 31 deg. 32 min. North, the Sun being in the 


Equator, his Altitude is found by Obſervation to be 22 deg. 1 5 min. 
os ſec. 4. I demand the Azimuth and hour of the Day. 
Te Stereographic Solution upon the Plane of the Meridian. 

1. Having drawn the Meridian 
Z0 NH, the Horizon HO, and at 
Right- angles to it the Prime Vertical / 
Z N, ſet off the Latitude of the 2 
Place from O to P, and draw the | 
Six a Clock hour Circle PS, and at H 
Right-angles to it the Equator A Q. 


2. About the Zenith as a Pole, 
deſcribe the Small Circle m © x, at 
the diſtance of 67 deg. 44 min. 52 
ſec. the Complement of the given 
Altitude, by Caſe the 2d of Problem the 4th, of Section the 2d, whet® 
this interſe&s the Equator as in the point ©, it will give the Place 
of the Sun. ; 
3. Thro' the points Z, O, and N, let the Vertical Circle Z © N 
be drawn, and the thing is done; and 4 © the Hour from Noon 

and HR the Azimuth from the Meridian, may be meaſured by Caſe 
the 2d of Problem the 7th, of Section the 2d. 

L ogarithmically, or by Calculation. 

In the Spherical Triangle Y © R Right-angled at R, are given, 
the Angle © Y R equal to the Arch 4 H, equal to the Complement 
of the Latitude, and © R the Sun's Altitude, whence to find firſt 
Y R the Complement of the Azimuth from the Meridian, it will 
be by the 9th Caſe of n Spherical Triangles, 3 
ATCrr 2 
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As the t, © Y R: R: t. © R: S. R 73 that is, 
As the Co- tangent of the Latitude 5 1.32 — 


nnn... 


To the Radius — — lo ooooooo 
So is the Tangent of the Altitude 22.15.083 — 9.6118905 
To the Co- ſine of the Azimuth from the Meridian "EW 

5 9:00, JO — — — — * 9.7118040 


— — 


This if the Altitude was obſerved when the Sun was aſcending or 
in the Morning, is South 59 deg. oo min. 10 ſec. Eaſt, or S. E. by 
E E. bur if the Altitude was taken when the Sun was deſcendiny 
or in the Afternoon, it is South 59 deg. oo min. 10 ſec. or S. W. by 
W. 3 W. 
2. To find the hour of the Day, it will by Cafe the 10th of Right. 
angled Spherical Triangles, | | 
As S. G YR: R: : S. OR: S. Oz; that is, 


As the Co- ſine of the Latitude 51.32 9.7938 317 


— 


ʒ.: —hͤ 


To the Radius — — 10-0000000 
So is the Sine of the Altitude 22.15. 083 —9.5782788 


To the Co-ſine of the Hour from Noon 5 2.30 


97844471 

Which being reduced into Time, will give 3 h. 30 m. for the hour 
of the Day in the Afternoon, if the Sun was in the Weſtern Semi- 
circle, but ſubſtracted from 12 hours will give 8 h. 30 m. in the 
Morning, if the Sun was in the Eaſtern Semi- circle. 
This Caſe is doubtful, as appears by the 9th Caſe of Rig bi- angled 
Spherical Triangles, and the Conſtruction; and as Y © gives the Hour 
reckoned from Six, ſuppoſe in the Morning, its Supplement or the 
Side of the great Triangle gives the hour in the Afterneon, counted 
from the ſame hour of Six ; and the Supplement of R Y or Side of 
the lame Triangle gives the Azimuth in the Afternoon, counted 
from the Eaſt point of the Horizon, 

| Prob. 
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Prob. V. 
Caſe 3. 


The Sun being in the Equator there is given, his Altitude and 
Azimuth, to find the Hour of the Day and Latitude of the Place. 


| Example. | ; 

The Sun being in the Equator his Altitude was found by Obſer- 
vation to be 22 deg. 15 min. os ſec. 5, and at the ſame time his A- | 
zimuth was determined to be South 59 deg. oo min. 10 ſec. Eaſt. 
I demand the Hour of the Day and Latitude of the Place of Obſer- = 


vation. 
The Stereographic Solution upon the Plane of the Meridian. 1 


1. Having drawn the Meridian 2 
Z O NH, the Horizon HO, and at | bf 
Right-angles to it the Prime Vertical <7 Pans ht 4 
Z N, ſet off the Semi-tangent of 30 N | 
deg. 59 min. 59 ſec. the Complement 
of the Azimuth trom the Meridian, | 
from Y to R, and draw the Vertical 
Circle Z © KR MN. . 


2. Set off the Altitude of the Sun 
22 deg. 15 min. os ſec. 4, in the | N 
Vertical Circle laſt drawn, from R rag 
to ©, by Caſe the 3d of Problem the 6th, of Sefionthe 2d, this will 
give the Place of the Sun. | | 

3. Thro' © and the Center V, draw the Equator 4 Y Q, and 
at Right- angles to it the Six a Clock hour Circle P Y S, and the 
thing is done; and A © the hour from Noon may be meaſured by 
Caſe the 2d of Problem the 7th, of Section the 2d, and the Angle. 
© YR equal to the Arch 4 H, equal to the Complement of the 
Latitude, may be meaſured by the Line of Chords. * 

5 Logarithmically, or by Calculation. | 

the Spherical Triangle © V R Right-anpled at R, are given, 

Y R the Complement of the Azimuth from che Meridian, and © R 
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| the Sun's Altitude, whence to find the Angle © V R the Comple- 
ment of the Latitude, it wil be by Caſe the 24 of Right-angled 
Spherical Triangles, 
| As S. VR: R: : t, OR: t, OV R; that is, 
As the Co-ſine of the Azim. from the Merid. 59.00. 109.7 118040 


To the Radius — . — — — 10 0000000 
So is the Tangent of the Altitude 22.15.08 5 — - = —— 9.611890 


To the Co-tangent of the Latitude 51.32 — 9. 9000865 


Which is Northerly, becauſe the Azimuth counted from the South- 
ern part of the Horizon is leſs than a Quadrant. 
2. To find the Hour of the Day, it will be by Caſe the 1/2 of 
Right-angled Spherical Triangles, 
As the R: cs, YR: : cs, OR: cs, OV; that is, 


As the Radius — — 10.0000000 
To the Sine of the Azim. from the Meridian 59 00.10——9.9330782 
So is the Co- ſine of the Altitude 22.15-084—: 9.9663884 


To the Sine of the hour from Noon 52.30 9.8 994666 


This being reduced into Time, and ſubſtracted from twelve hours 
(becauſe the Azimuth is Eaſterly) or becauſe the Sun is in the Eaſt- 
ern Semi-circle, will give 8 h. 30 m. for the time of the Day in the 
:Earenoon. * by | 


Prob. V. 


| 0 Caſe 4. 

"The Sun being in the Equator there is given, his Altitude and the 

hour of the Day, to find the Azimuth of the Sun and the Latitude 
ot the Place. Es 

| Example. | 

The Sun being in the Equator at 30 minutes paſt Eight in the 

Morning, the Sun's Altitude was found by Obſervation to * 2 

a ; deg 
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deg: 15 min. o8 ſec- 3. I demand the Azimuth and Latitude of 


the Place. : 
| The Stereographic Solution upon the Plane of the Meridian. 

1. Having drawn the Meridian 
2 O NH, the Horizon HO, and at 
Right- angles to it the Prime Verti- 
cal Z N, about the Center V, at the 
diſtance of 37 deg. 30 min. the Se- 
mi- tangent of the hour from Six, de- 
ſcribe the Small Circle G © g. 


2. At the diſtance of 67 deg. 44 
min. 52 ſec. the Complement of the 
Sun's Altitude, about the Zenith as 
a Pole, deſcribe the Small Circle. 
m © n, by Caſe the 2d of Problem the.. 
4th, of Section the 2d, where this interſects the Small Circle before 
drawn as at ©, it will give the Place of the Sun. 

3. Thro' the point © and the Center V, draw the Equator AV 9, 
and the Vertical Circle Z © N thro' the ſame point © and the 
points Z and N, and the thing is done; and HR the Azimuth from 
the Meridian, may be meaſured by Caſe the 24 of Problem the 7th, 
of Section the 24, and the Angle © , R equal to the Arch 4 H. 
equal to the Complement of the Latitude by the Line of Chords. 

Logarithmically, or by Calculation. ; 

In the Spherical Triangle © Y R Right-angled at R, are given, 
© Y the Complement of the hour from Noon, and © R the Alti- - 
tude of the Sun, whence to find Y R the Complement of the Azi- 
muth from the Meridian, it will be by Caſe the 14th of Right-angled* 
Spherical Triangles, | | ; 

As cs, OR; R: : cs, VO: cs, RV; that is, 
As the Co- ſine of the Altitude 22. 15.08 —9. 9663881 


To the Radius — - - I 0; , 
So is the Sine of the hour from Noon 52.30 —— — | 


— ns ns 


To the Sine of the Aim. from the Mexid: 59,00,10——9-9330796- 
. 


a. © © "Aſtronomical Problem. 


To be counted Eaſterly, becauſe the Obſervation was made in 
the Forenoon, but whetaer from the North or South is not ſuffici- 
ently determined in the Queſtion. 

2. To find the Latitude, it will be by the 13h Caſe of Right-angled 
Spherical Triangles, ; 9 #4 


As S. Y ©:SOR::R:SOVR; that is, 


As the Co- ſine of the hour from Noon 52.30 9.784447 1 
To the Sine of the Altitude 32.15.08 —9.5782789 


— 


So is the Radius — — — 10.0000000 
To the Co- ſine of the Latitude 5 1.32 ——9.7938318 


But whether it be North or South doth not appear from the Data. 


| | Caſe 5. 

The Sun being in the Equator there is given, the hour of the 
Day and Azimuth of the Sun, to find his Altitude, and the Latitude 
of the Place of Obſervation. 

5 f Example. 

The Sun being in the Equator at half an hour paſt Three in the 

Afternoon, the Azimuth of the Sun was found by Obſervation to 


be South 59 deg. oo min. 10 ſec. Weſt. I demand the Latitude of 
the Place and height of the Sun. _ | 


Aunſwer. 
The Sun's Altitude is 22 deg. 15 min. 08 ſec. 3, and the Lati- 
tude of the Place of Obſervation 5 1 deg. 32 min · North. 
| Caſe 6. 


The Sun being in the Equator there is given, the Latirude of the 
Place and Azimuth of the Sun, to find the Altitude and hour of the 


b 
— 


: | Example. N . 
In the Latitude of 5 1deg. 32min. North, the Sun's Azimuth being 
found by Obſervation to be South 59 deg. oo min. 10 ſec. Eaſt. 


demand the hour of the Day and Altitude of the Sun, he being 
ſuppoſed to be in the Equator. | Anſwer, 


Aſtronomical Problems. 4 J2 1 

N 5 Mau 9 | Aber, by qo | | | ; h 
The Sun's Altitude is 22 deg. 25 min, os ſee 4, and the Hour 

half an Hour paſt Eight in the orning | 1 


10 Caſe 7. | 
The Sun being in the Equator there is given, the Latitude of the 
Place, and Angle formed by the Vertical Circle, paſſing thro the 
Sun and the Equator, to find the Altitude and Azimuth of the Sun, 
and hour of the Day. " | g's 
Example. | | 
In the Latitude of 51 deg. 33 min North, the Sun being in the 
Equator there is given, the Angle that the Vertical Cirele paſting 
thro the Sun forms with the Equator, equal to 57 deg. 46 min. py | 
ſec. to find the hour of the Day, Altitude and Azimuth af the 


Sun, | 


. 


LE 
1 


The Altitude is 22 deg: 15 min, os ſec. 4, Azimuth South 39 
deg. oo min. 10 ſec, Eaſt or Weſt, and the Hour 8 h. 30 m. in the 
Morning, or 3 h. 30 m. in the Afternoon, according as the Sun is 
in the Eaſtern or Weltern Semicircle. 4 
5 R Caſe 8. K 

The Sun being in the Equator there is given, the hour of the 
Day and Angle tormed by the Vertical Circle paſſing thro' the Sun 
and the Equator, to find the Altitude and Azimuth of t he Sun, and 
the Latitude of the Place. 0 

5 | Example. | 3 
The Sun being in the Equator at half an Hour paſt Three in the 

Afternoon, the Angle formed by the ·Equator and the Vertical Cir- 

cle paſſing thro' the Sun was found to be 57 deg. 16 min. 35 ſeo 
I demand the Altitude and Azimuth of the Sun, and the Latitude 
ol the Place, | | 
Anſwer. 


The Sun's Altitude is 22 deg. 15 min. 08 ſec. 2, the Azi- 
muth 59 deg. oo min. 10 ſee. Weſt, and Laritude's r dep. th min. 


but whether the Latitude be North or South, and whether the Azi- 
| N muth 
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muth muſt be counted from the North or South, is not ſufficiently 
determined in the Queſtion. . 


Caſe 9. 
The Sun being in the Equator there is given, his Altitude, ang 
the Angle formed by the Equator and the Vertical Circle Paſſing 


thro' the Sun, to find the Latitude of the Place, Azimuth of the 


* 


Sun, and hour of the Day. 


Example 


The Sun being in the Equator, the Altitude of the Sun in the 
Eaſtern Semicircle was found to be 22 deg. 15 min. 08 ſec. 4, when 
the Angle formed by the Equator and the Vertical Circle paſſing 
thro the Sun was 57 deg. 46 min. 35 ſec. I demand the Latitude 
of the Place, Azimuth of the Sun, and hour of the Day. 


Anſacer. | 
The hour of the Day is 30 minutes paſt Eight in the Morning, 
the Azimuth is 59 deg. oo min. 10 ſec. Eaſterly, and the Latitude 
51 deg; 32 min. but whether the Latitude be North, or whether 
the Azimuth muſt be counted from the North or South points, of 


* . 


the Horizon, is not ſufficiently determined. 


Caſe 10. Doubtful. 


The Sun being in the Equator there is given his Azimuth, and 
the Angle formed by the Equator, and the Vertical Circle paſſing 
thro* the Sun, to find the Latitude of the Place, Altitude of the 
Sun, and the hour of the Day. 

Example. | 


The Sun being in the Equator, his Azimuth in the Morning was 
found by Obſervation to be South 59 deg. oo min. 10 ſec. Eaſt, at 
the ſame time that the Angle formed by the Equator and the Verti- 
cal Circle paſſing thro the Sun is 57 deg. 46 min. 35 ſec. I demand 
the Latitude of the Place, Altitude of the Sun, and hour of the Day. 


Auſwer. 


The Latitude of the Place is 5 1 deg. 32 min. North, the Altitude 
of the Sun is 2 2 deg. 15 min. os ſec. 4, and the hour of the Day 


is half an hour paſt Eight in the Morning. Prob. 


Prob. N 


he Sun 2 i wy pole 8 os, Eclipic, his Declination is 
ven, together with the hour of the Day and Latitude of t e 
tO find his Altitude and Azimuth at char tinde. n 


Example. 


In the Latitude of 51 deg. 32 min. North, the Sun having . 9 
deg. 39 min. 10 ſec. North Declination, his Altitude and Azi- 
muth is e . an Jn han Eight in the Morning, or at 
halt an hour pa ree 1n the Afternoon, at each of which ti 
he is equally diſtant from the Meridian. * 


The Stereographic Solution upon the Plane of the Meridian. 


1. Having drawn the Meridian 
ZONH, the Horizon HO, and at 
Right-angles to it the Prime Vertical 
2 N, ſet off the Latitude of the Place 
from O to P, and draw the Six a 
Clock hour Circle PS, and at Right- 
angles to it the Equator 4 Q. 


2. Thro' the Pole P draw the 

Hour Circle PO 5, forming an An- 
gle of 52deg. 30 min. with the Me- 
ridian, equal to the time from Noon 3 
reduced into Degrees, Oc. by Caſe the 3d of Problem the tb, of 


Sefion the 2d. os ak 
3. Set off the Declination gf the Sun (in this Caſe. te the North- 
ward-of-the Equator, becauſe the Declination is North) in the hour 
Circle P x from x to © (by Caſe the 3d'of Problem the 6th, of Sec- 
tion the 2d) this _ give * Place of the Sun. | * a4, 
4. Thro' the Zenith and Nadir and the point ©, draw the i 
| ok or Azimuth Circle Z © N, and the — is done; and . 
gle ZO or:Arch ot the Horizon 0, the Azimuth from the viſible 
Pole P, may be meaſured by Caſe the 24 of Problem the 1 arb, or Caſe 


the-2d'of Problem the 7th, of Section the ad, and the Arch Z the 
8888 2 Sun's 
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- 
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Sun's Zenith Diſtance, or the Complement of his Altitude may be 


* meaſured by Caſe the 3d of Problem the 7th, of the ſame Seftion, 


To find the Requifites by Calculation. 


In the Oblique-angled Spherical Triangle Z P © are given, Z 5 
equal to the Complement of the Latitude, P © in this Caſe equal to 
the Complement of the Sun's Declination, or his diſtance from the 
North Pole, and the Angle Z P © the hour from Noon, whence to 
find firſt the Angle P Z © the Azimuth from the Meridian, it will 
be by the 10th Caſe of Oblique-angled Spherical Triangles, having firſt 
let fall the Perpendicular SGM. itt! 


As the R: cs, ZO: : t, OP t, PR; that is, 
As the Radius — — 10.0200000 


- 


To the Co- ſine of the hour from Noon 52.3 —— 97844471 | 
So is the Co tangent of the Declination 19.39.10 i——10.447178; 


To the Tangent of a fourth Arch PR 9.36.08 — 10.23 16254 


If from the fourth Arch P R equal to 59 deg. 36 min. os ſec. be 
taken the Complement of the Latitude Z P equal to; ? deg. 28 min. 
there will remain Z R equal to 21 deg. 08 min. od ſec. which we 
will call a fifth Arch, for Þ R-Z P=Z P (See the Figure). where- 


fore, by the ſame 9th Caſe ot Oblique, &c. it will be, 


\ AsS.ZR:S. PR: :t,<P:t,<Z; that iss 
As the Sine of the 5th Arch Z Ro 21,08.08— - -9.5569965 


UP — — 


To the Sine of the ath Arch PR 59.36.08: — — 9.9357759 
So is the Tangent of the hour from Noon 52.30 10. 1150195 


To the Tang. of the Azim. from the Merid. 7 2-12.54 120-493 7989 
Which in the preſent Caſe becauſe the Latitude is North, and the 


Angle PZ © Obtuſe, muſt be counted from the South point of the 


Horizon; wherefore it the time given was in the Forenoon, the A- 

zimuth is South 72 deg. 12 min. 54 ſec. Eaſt, or E. S. E- 4 E. near- 

ly, but if the time given be in the Afternoon, the Azimuth is South 

72 deg. 12 min, 54 ſec. Weſt, or W. S. W. 2 W. nearly. 1 
| f | ; + *\%m | WT * IT If $2075 %. 


"os * : 
* 
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2. To find the Altitude, it will be by the 10th Caſe of Oblique- 


led Spherical Triangles 
* „ 


As the Co- ſine of the 4th Arch P R 59.36.08 ————9.7041508 


To the Co-ſine of the 5th Arch ZR 11.08. 08 ——-9.9697559 
So is the Sine of the Declination 19.39.10 {-——-—g.5267557 


To the Sine of the Altitude 38.18.46 F—— 3 
Which is the ſame both r and Afternoon. 


The Axinithth being firſt obtained, the Altitude from thence may 
be found, by the help of the 3d Axiom of Spherical Triangles in Page 
the ; or the Altitude being firſt Inveſtigated, the Azimuth 

may from RET, be Calculated by the help of the ſame Axiom. 


Prob. VI. 


Caſe 2. 


"Given the Latitude of the Place, and the Deciination of 5 5 | 
together with his Altitude, to find the hour of the _ and wy 
muth. | N 8 . | 


ww 


i xample. 


In the Latitude of 31 deg- 32 min. North, hd 8 e 99 
deg- 39 min. 10 ſec- 4 North Declination, his Altitude was found 
by *Obſervarion to be 38 deg. 18 min. 46 ſec, Fe I en the hour 
of the Day and Azimuth of the Sun. ad 


De Stereographic Solution upon the Plane of the Meridian. . 8 0 


1. Having drawn the Meridian 2 0 MV. the Horizon #0, and 
at Right · angles to it the Prime Vertical ZN, ſet off the Latitude 
of the Place from O to P, and draw the Six a Clock hour Curd PS, 
and at Right-angles to it the Equator 4 * x 

2. Abour the Pole P, at the diſtance c 7odeg. 26min, 49 ſec, 
the Complement of the Sun's Declination becauſe the Declination 
is North, draw the Small Circle R © 75 by Caſe the 2d of Problem 
the 4th, of Seftion the 2d. 

3- At 


Aſtronomical Problemm. 
3 3. At the diſtance of 51 deg, 
min. 13 ſec. 3, the —— wan br 
the Sun's Altitude, about the Zenith 
2, deſcribe the Small Circle On, 
by the ſameCaſe,where this Circle in- 
\ terſe&s the Small Circle R © as in 
O the point ©, it will give the Place of 
— the Sun at that time. | 


' — 4. Thro the point S and the Ze- 

nith and Nadir, draw the Vertical 
en | Circle Z © N, alſo thro” the ſame 
point © and the two Poles, draw the hour Circle P © S, and the 
thing is done; and the Angle OZ P or Arch of the Horizon x O, 
the Azimuth in this Caſe from the North, may be meaſured by Caſe 
the 2d of Problem the roth, or Caſe the 2d of Problem the 7th, of 
Seftion the 24, and the Angle Z P © or Arch of the Equator y Q 
the hour from Noon, may be meaſured by the ſame Caſes. 


Among the great variety of Logarithmical Solutions that may be 
given to this moſt uſeful Problem (as the Reader may fee if he Con- 
ſult the 11% Caſe of Ob/ique-angledSpherical Triangles in Page the 10gth 
-or the 6th, 7th, and 8th Spherical Axioms, contained between the 
133d and 15 1ſt Pages) I ſhall make Uſe of two or three that are the 
moſt ready and eaſy for that Purpole. _ ind Bf: 11 


1. If the Latitude of the Place and Declination of the Sun arc 
both North or both South, ſubſtract the Declination from 90 De- 
grees or a Quadrant, bur if the Latitude and Declination are con- 
trary, that is if one be North and the other South, add the Declina- 
tion to 90 9 dr a Quadrant, and call the Sum or Difference 
the Diſtance of the Sun from the Pole, then having let fall the Perpen- 
dicular O R from the point © upon the Meridian Z ON, it will 
be by the 6th Spherical Axim. | TOP OT EM. 

53 0» .OmnoOs 025 0D 208335 217 18 4 HS ILOEK,,D. 
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As t, Z Put, +OP+©2: :t,+ © Þ—© Z :t,4 P R- P. 
As the Tang. of 3 the Comp. of the Latitude 19.14.00—9.5426877 


che T. of + the Sum of the Sun's diſt. from the 

hn and ore Comp. of the Latirude 6 8 1 * 1 95541 
So is the T. of # the Diff. between the diſt. of the 
gn from the Pole and the Comp. of Lat. 9. 15.4785 A 


— —Q 
— 


To the Tangent of a 4th Arch 40.22.08 ͤ—:!— 9.929480 


Which fourth Arch 40 deg. 22 min. o$ ſec; added to half the 
Complement of the Latitude 19 deg. 14 min. oo ſec. will give 59 
deg. 36 min, os ſec. for a fifth Arch P R, and this fifth Arch PR 
leſlened by the Complement of the Latitude 38 deg. 28 min. oo 
ſec, will give 21 deg. og min. os ſec- equal to Z R, for ag ſixth - 
Arch, whence to find the Azimuth P Z ©, it will be by the 12th - 
Caſe of Right-angled Spherical Triaugles, 

As R: ct, Z O: : t, Z R: cs, OZ R; that is, 


As the Radius —— —— 10.00000e0 - 
To the Tangent of the Altitude 38.18.46+——= 98976923 
So is the Tangent of the ſixth Arch Z R 21.08.08 —9g.5 872404 
To the Co- ſine of the Azimuth 72.12.54 — 94849327 


Which becauſe the Latitude is North, is South 72 deg. 12 min. 
Ja ſec. Eaſt, or E. S. E. half E. nearly, if the Altitude of the Sun 
Was taken in the Morning, but if the Sun's Altitude was obſerved 
in the Aſternoon, it is South 72 deg. 12 min. 54 ſec. Weſt, or W. S. 


W. half W. nearly. | 
Again, to find the hour of the Day, it will be by the 12th Caſe of 
Right-angled Spherical Triangles, - 
As R: ct, PO: : t, PR: cs, Z PO; that is, 


As the Radius — —.— 10.0000000 - 
To the Tangent of the Sun's Declination 19 39.10 9-5528217 | 


So is the Tangent of the 5th Arch PR 59.36.08 —10.2316254 
To the Co-fine of the hour from Noon 5 2.30 ————9.784447! 


Which 


E 


| 
| 
| 
| 
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Which Converted into Time will give 3h 30 m. for the Hour in 
the Afternoon, if the Sun's Altitude was taken in the Weſtern Semi. 
circle, but ſubſiracted from 12 hours, will give Sh. 3om, for the Hour 
in the Morning, if the Altitude of the Sun was taken in the Eaſten 


Semicircle. Ct 005 
Or, 5 


To the Complement of the Latitude of the Place 38 deg. 28 min 
equal to Z P, add the Complement ot the Altitude of the Sun 51 
deg- 41 min. 13 ſec. à equal to Z ©, and the diſtance of the Sun 
trom the Pole 70 deg, 20 min. 49 ſec. 4 equal to P O, into one 
Sum, and from half that Sum 80 deg. 15 min. oa ſec. 4, ſubſtrad 
the Sun's diſtance from the Pole equal to 70 deg. 20 min. 49 ſec: 
and keep the Difference; then ſay, 


As che Radius — — to 0000000 
To the Co- ſine of the Latitude 51.32 ——— =o 5 753837) 
So is the Co- ſine of the Altitude 38.18.46 9.89466 86 
To a fourth Sine —__m =— 
As the fourth Sine — ——=—9.6885003 
To the Sine of the half Sum 80. 13.01. Mops 36845 
So is the Sine of the Difference 9.54. 12 * — 9.54940 
To a Seventh Sine ͤ ⁊ͥũ—ͥ ꝛĩßÄ5ßÄ‚j.,;ſes— 19.406782 
To which add the Radius — — —— — 10. ooooooo 
And the Co-; ſine of half that Sum a = — x 9.5406782 
59.5 3.325, being doubled will 9.7703391 


Give 107 deg. 47 min. oy ſec. 4 for the Angle P Z ©, or Arch 
of the Horizon x O, the Azimuth to be counted from the North 
point of the Horizon, becauſe the Latitude is North, and therefore 
being taken from 180 deg oo min. oo ſec. will leave 72 deg. 12 
min. 54ſec. 4 for the Azimuth, to be counted from the South as be- 


fore determined. 


Or, 


1 
p 
1 


1 
— 
[ 
4 
a 
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ad hs 2 $99 01 Or, as n | cli | 
the Arithme Com] lemient o Thi Co- ſine of 8 NA 
* Leide r plac Hr 7 o. aos 1653 
Add the Arithmetical Complement of the Co · ſine * 5 
of the Hon 6} * "= — 01053314 
Alſo the Co- ſinꝭ of the um 80. 15.11 — 9.99368 


Half the Sum of theſe four Sineñüũ⸗7é4⸗%6hreeBůù a 797457700 
Willgi ve the Co-ſine of 53.53-32.41 ——— 97707751 


The half of the Azimuth, which being doubled, will give 107 
deg. 47 min. 05 ſec. for the whole Azimuth, to be counted from 
the North, as before found, | e r N 1 


From half the Sum of the Complement of the Latitude, Com- 
plement of the Altitude, and diſtance of the Sun from the Pole e- 
qual to 80 deg. 15 min. of ſec. 5, ſubſtract firſt, the Complement 
of the Latitude 38 deg. 28 min. and call the Remainder (41 deg.; 
47 min. ol ſec. 3) the firſt Difference; then ſecondly, from the ſame 
half Sum Subſtract the Complement of the Altitude 5 1 deg. 41 min. 
13 ſec. &, and call the Remainder (28 deg.33 min. 48 ſec. 3) the ſe⸗ 
cond Difference ; then ſay⸗ 4 


: 
* OY 


As the Radius 10 Oo 
N SM. PER. #. 2 aus Ke 1 . . ere 
To the Co- ſine of the Latitude 51:32 ——— 9.7938317 


do is the Co ſine of the Altitude 3 8. 18.464 9.89 46886 


nm 


.. Fi? 


To a fourth Sine 


mY — 96885003 


8 — ——ů— * DA. 3 . 5 As; 
— —— 


To the Sine of the firſt Difference 447 78777 
8o is the Sine of the ſecond Difference 28:3 3.47% — 4 27 6842 
To a Seventh Sin xk n 
: 7 TT 2 7934147294 


To which add the Radine el 
— I» - "Cine 2 35 12 $51 B00 ogg 22 
The Sine of half that Sum —— 224 


Will be 53.3333 5 * * Y 4 114 N * f — 9 907 
Hern et —— — nmr 
c t c Which 
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Which being doubled, will gire 107 deg. 47 min os ſec. the 
Azimuth from the North, and this taken from x80 deg. will lere 
14 deg. 12 min. 54 ſec. for the Azimuth from the South, as before 
determined. 7. !? | 
To the Arith. Comp. of the Co-ſine of the Lat. 5 44312,0:206 16 
Add the Afich, Comp. of theCo-fin of the Alx. 48.18.46 0. 10533 2 
Alſo the Sine of the 1 Diflerence 41.47.01 4 9.8236842 
And the Sine of the 24. difference 28.33 484. 9.679546 


Half the Sum of theſe four Sine -19.8147302 


Win be the Sine of 53.53.33{——— ———9.90736;1 

Which being doubled, will give 107 deg. 47 min. o ſec. for the 
Azimuth from the North, and this being ſubſtracted from 180 deg. 
or win. op ſec. will give the Azimuth from the South, the ſame as 
in the tormer Example. * 

The Azimuth being thus obtained, the hour of the Day may be 
had by the 3d Axiom of Spherical Triangle. For, 
As 8. POS. SPA: 8.2/0: SZ O; that is, 
As the Co-ſine of the Declination 19. 39.103 — —9.973 * 


f w ay” * _ a — 


9342 


To the Sine of the Azimuth 107.4 0 — 9.787325 
So is the Co- fine of the Altitude 38.18.46 — —— 9.89465 86 


To the Sine of the hour from Noon 52.30.00 == —9. 8974669 
Which converted into Time, gives zh. 3om. oof. if the Altitude 
was taken in the Afternoon, but ſubſtracted from 12 Hours gives 
the time of the Day if the Altitude was obſerved in the Morning. 
Again, by the help of the 7th and 87h Axioms of Spherical Triangles, 
may the Hour of the Day be inveſtigated directly, without finding 
the Azimuth, after the Manner followi T 


From the half Sum of the Complement of the Latitude, the 
Complement of the Altitude, and 9 1 
wißdle Pole, equal to 8odeg. 15 min. or ſec. i, ſubſtract the Com- 
Flement ot the Sun's Altitude equal to 5 1 deg. 41 min. 13 ſec. l, and 
note the Difference 28 deg. 33 min. 47 ſec, 7, and it will be, 


$ » 
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To the Co-ſine of the Latitude 31.3222.2—.— 97538117 
So is the Co- ſine of the Declination 19.39. 0 9.739342 


—̃ —-— 


To's fourth Sjtie—— — — —— 9-7677659 
As the fourth Sine—————————9.7677659 
| To the Sine of half the Sum 80-15.014——J———=—g.9936845 
So is the Sine of the Difference 28.3 34477 — 96795453 
To a Seventh Sine—— — ———-——— 9.904641 
To which add the Radius — (—GÜä— 10. 0000000 
And the Co- ſine of half the Sum of theſe four Sines— 19. 905441 

Will be the Co- ſine of 26.14.59 — 35527320 


* 8 — 
. "SY 4 > 1 


Which being doubled, will give 5 deg. 29 min. 58 ſec, for the 
Hour from Noon, and this redueed into Time, will give as in the 
former Operation, either 3 h. 30 m. oof. or 8 h. 30 m. oof. ac- 


cording as the Sun was in the Eaſtern or Weſtern Semicircle. 


5 L313 1 x 5. 51 Or, i a | 
To the Arith. Comp- of the Co- ſine of the Lat. 51-32 —0.2061683 
Add theArith-Comp.ofthe Co- ſine of the Decl. 19.39. 10 00260658, 


Alſo the fine of the half Sum 30. 15. 104 9.993684 
And the Sine of the Remainder 28.33.47 } ————9.679545$ 
Will give the Co-ſine of 26-14.59 ————— — 


Which being doubled, will give 52 deg. 29 min, 58 ſes. equal in 
Time to 3 h. 30 m. 06 l. as in the former Calculation. 


The Hour being thus obtained, the Azimuth from thence may 
be Calculated, by the help of = 34- Axiom of Spherical Triangles. __ 5 
074 ttt 2 
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As the S. 2 O: 8. Z POS. POS. S2 Pf that is, 
As the Co · ſine of the Altitude 38.18.46? —— —— 9,8946686 


To the Sine of the Hour from Noon 32. 30.0 9.899466 
So is the Co- ſine of the Declination 19.3 ,, - 7 39344 


To the Sine of the Azimuth 107.47.06 . 99787323 
The ſame as was deduced from the former Calculation. 
: » \ $17) O eons —— ,; | 7 tx 5140 


£136 MUC 17 HE 

e 1 TI. 5 >. 14- 

- Given the Latitude of the Place 1: deg. . 32 min. South, 'the 
Declination of the Sun 19 deg. 39min. 10 ſec. 4 South, and his Al- 
titude 38 deg. 18 min. 46 ſec. 2, to find the Azimuth and the 
Hour of the Day. 

The Stereographic Solution upom the Plane of the Meridian. Ni * 4 

. | I. Having drawn the Meridian 

20 NH, the Horizon Ho, and at 

Right- angles to it the Prime Vertical 

Z N, ſet off the Latitude of the Place, 

(in this Caſe South) from H to S, and 

draw the Six a Clock Hour Circle Sp, 
and at Right - angles to it the Equator 

| A l | 1e 9353-014 


** * , ny - — * 7 " * 3+ # 
— 8 1430.44 1981 * N - ” #@# % 1 


2. About the Pole 5, at the diſ- 
tance of 70 deg. 20 min. 49 ſec, 3, 
| the Complement'of the Sun's' Declina./ 

— oa tion, draw the Small Circle 1 ©g, 
alſo about the point Z at. the diſtance of 51 deg. 41 min. 13ſec. 4 
the Complement of the Syn/s Altitude, draw the Small Circle 40 m. 
by Caſe the 2d. of Problem the 4th, of Section the 2d, where theſe 
two. Circles interſect each other, it will give the Place of the Sun G. 

A ; $ 43 'F g* Thro' 
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3. Thro the point & and the Poles & and P, draw the Hout 
Circle S P, alſo thro the ſame point & and the Zenith and Nadir, 
draw the Azimuth Circle Z & N, then may the Angle PZ © the 
Azimuth, and the Angle © PZ the Hour, be meaſured by Caſe 
the 2d of Problem the toth, of Section the 24. al 
And betauſe the Numbers in this £xample* are: the ſame with the 
Numbers in the former Example, the Hour from Noon (by the ſame. 
Method of Calculation) will be found to be the ſame, that is 3h. 3om. 
ooſ. if the Altitude was taken in the Afternoon, but 8 h. 30 m. oiſ. 
if the Altitude were obſerved in the Morning; alſo the Azimuth 
will be the ſame in Quantity in this Example as it was in the former, 
but muſt be counted from the oppoſite point of the Horizon, be- 
cauſe the oppoſite or Southern Pole in this Caſe is elevated above the 
Horizon, and conſequently the, Azimuth in our preſetit Caſe is North 
72 deg. 12 min. 54 ſec. Eaſt, or E. N. E, half E. nearly, if the Sun 
be in the Eaſterr Semicircle, bur Notth 72 deg. 12 min. 54 ſec. Weſt, 
or W. N. W. half W. nearly, it the Sun was obſerved in the Weltern- 


n E br 11 mE Ne . 
£92 e 3:13 mod au e e 2:1 


3d i 1 bn „E 4 | 
Cocoon xample 3. | 1 | « 
Given the Latitude of the Place 5 1 deg. 32 min. oo ſec. North, 
the Sun's Declination 19 deg. 39 min. 10 ſec. 4 South, and his Al- 
tirude 15 deg. 30 min. 20 ſec, I demand the Hour of the Day and 
Azimuth of the Sun, 3 
Type Stereographic_Solution upon the Plane of the Meridian. 
1. Having drawn the Meridian 


20 N H, the Horizon HO, and at 


Right angles to it the Prime Verti- 5 = P 

cal Z. N, ſet of. che Latitude of the 19 1 | 507 er 
Place 31 32, from O to, and draw ?, , 
the Axis PS, and at Right- angles to #7 CE my 
it the Equator. 4 . meter. =D —0 


a . About the Pole & (becauſe the 
Nclination is South) at the diſtance” © 
of 70 deg. 20 min. 49 ſec. 4, the 
Complement of the Sun's Declan 


1 


1910 Vo 
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ton, deſcribe ahe Small Circle a-©:9,"18)fo at the: diſtance of :74, 
deg; 29 min. 40 ſec. the Comploment:of the-Sim's Altitude, about 
the Zenith as a Pole, deſcribe the Small Circle # ©, mr, by Cafe the 
2& of Problem the 4th, of Sectus the 2d, whete theie two interſect 
each other at the point O, it will give the Place of the gun. 
3. Thro the point © and the Potes Þ und , draw the Hour Gir- 
de 5 O f, alſo throꝰ the fame! point O and the Zenith and Nadir; 
draw the Azimuth Circle 2 © Ny" then may the Azimmh G Z P 
and the Hour from Noon 2 P Q, be meaſured by or _—_ 
eee of Sokiton che 2d. "fre 
'" Logurithmicaly, or by Cakilation. 

Beruuſe the Latitude is North and the Pectiidiion Ag to 30 
Degrees or a Quadrant add the Declination 19 deg. 39 min. 10 
lec. 7, the Sum 109 deg. 39 min. 10 ſec. 3, will give P © the dif- 
tance of the Sun from the North Pole. Then, 

To the Complement of the Latitude 38 deg. 28 min. oo ſec. 
add the Complement of the Altitude 74 ay 29 min. 40 fec. and 
che diſtance of the Sun from the North or viſible Pole 109 deg. 39 
min. 10 ſec. into one Sum, from half that Sum 11 1deg. 18 min. 
25 ſec. x, ſubltra® the diſtance af the Sun from the Pole 109 deg. 
39 min. 10 ſec. 7, and A the Difference and it will be, 

As the Radius. ——— EN - 10.0000000 


To the Co- Nhe 77 the e Latitude 51.32.00 9.79933 = 
So is the Co- ſine of the Altitude 15. 30.20 1 9833988 


44 4 441 2 


1 ' 7 * 


To a fourth Sine: — . — 9.777705 


ws F 0 IE 8 _— 1 


As this fourth Sine — — 9. 2277255 


n _ „ 


To the Sine of the half Sum 111. 18 25 15 2 3 9900 5% 
So is the Sine ot the Difference x. $9:14 þ bb 7 4503647 

To a ſeventh 865 — — — — 8:65 18854 
To which add the Radius Wr — 10. 0000000 

And half tharSum — — — — 185188 


Will be the Co- ſine of 77.46.08 ———— — — 93259427 
Which 
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- Which being doubled; wilt give 155 deg. 32 min. 36 ſec. for the 
3 from the viſible Pole (in this Caſe-North) this therefore 
taken from 180 deg. oo min. oo ſec. will give 24 deg. 27 min. 24 
c. for the Azimuth, to be counted from the oppoſite point, and 
ently if the Obſervation be made in the Eaſtern Semicircle, 

the Azimuth is South 24 deg. 27 min · 34 ſec . Eaſt; or &. S. E. 3 E. 
„ but if the Altitude be obſerved in the Weſtern Semicircle, 

the Azimuth will be South 24 deg; 27 min. 24 ſec. Weſt, or S. S. 
W. Aa quarter W. nearly, FR . 
To the Axith. Comp. of the Co- ſine of t 51.32.00 d. 2061683 
Add the Arith. Comp. of the Co- ſine of the Alt. 15.30.20 C016 1012 
Alſo the Sine of the half Sum 171. 18.251 k(— —- 9.9692513 


And the Sine of the Difference 1.39.1449 — 8.403647 


Half the Sum of theſe four Sines— — — 18.65 18854 


Will be the Co- ſine of 77.46.18 2 ——— 9 30 7 


— 


Which being doubled, will give for the Azimuth 155 deg. 32 
min: 36 ſee. as before ſound; whence to find the Hour of the Day, 
it will be by the 3d Axiom. That 2 IQ 

As the'S. P ©: & Z O8. : S. Op; that is, 
As the Co- ſine of the Declination 19.39. 101 — 9.9739342 


E! A... 


To the Co ſine of the Altitude 1 5.30.20 — — 9.983 8988 
So is the Co-ſine of the Azimuth 155. 32.36 . —— 9.617005 5 


To the Sine of the Hour from Noon 25.03.46; — —9.6269701 


Which reduced into Time, will give th. 4om. 15 f. tor the Hour 
if che Altitude be taken in the Afternoon, but ſubſtracted from 12 
Hours, will give 10 h- 19 min. 45 ſec. for the Hour in the Fore- 
noon, if the Altitude were taken in = Morning. 


From half the Sum of the Complement of the Latitude, Comple- 
ment of the Altitude, and diſtance of the Sun from the Pole equal to 
111 deg. 18 min. 25 ſec- 3, take the Complement of the Altitude 
equal to 74 deg. 29 min. 40 1c, and keep the Difference 36 deg! 


43 min. 45 ſec. 4; then. Ts 
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To the Arith. Comp: of the Co- ſine of the Latit. 5. $4=0:306 168 3 
Add the Arith. Comp. of the Co- ſine of the Decl. t 9.39. ff 0026665 

Alſo the Sine ot — half Sum 11 1.18.25 N 5692512 
And the Sine of the Nane 36. 45. 457 = * _ n 222 715747 


Half che sum of rhels four snes e 199790 580 


0 20 Ib * — — 

Win give the Co- oe of 12.31; aol — — 9:9895 290 

——U2—Uää 

Which being doubled, will give 2 deg 03 min N ſec. 4, and 

this reduced into Time willy ” « 4 m. Is — the fame with 
the former Calculation, 112 © 20 . 

The Hour being thus obtained, the Azimuth may be inveſtigared 

. help of the 34 Axiom. 


ww — — 


, * 2 N 
'S C) . a i, 542 * 
» ” E 1 — - — a 149 S 4 . * 
— 1 SA A... * s 
C Nr 
aje 2. 


Kane l.. 
© Given the: Latirude of the Place 51 deg. 32 min u Bouch, the De 
clination of the Sun 19 deg. 39 min. 10 ſec. 7 North, and the Al- 
titude Ay deg.” 30 min. 20 * to Une the Hour of the Day, and 
Azimu 


The Siaoographi Solution apon the Plane the Meridian. 


1. Having draun the Metidhn 
Z ON, the Horizon HO, and at 
Right-angles to it the Prime Vertical 
ZN, the Six a Clock Hour Circle SP, 

and the Equator 4 Q as in the 24 
Example of this Caſe, about the point 
Z at the diftance of 74 deg." 29 min. 

40 ſec. the Complement of the Alti- 
tbe, deleribe hon Small Circle 1 © m 


44 


2 vt l. Ad er the Pole FY (becauſe the 
Declination is North) deſcribe the 
Small Girdle: 4 O 4, at the diſtance of 

„ 76 deg. 
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70 deg. 20 min. 30 ſec, the Complement of the Declination, where 
this cuts the Small Circle » Om as in the point ©, it will give the 
Place of the Sun; and if thro} this point and the Zenith and Nadir, 
and the two Poles P & S, be drawn an Azimuth Circle as Z © N, and 
an Hour Circle as $ © P, the thing is done; and the Azimuth SZ © 
and the Hour Z S © may be meaſured by Caſe the 2d of Problem 
the 10th, of Section the 2d. eee 

And inaſmuch as the Numbers in this Example are the ſame with 


Azimuth will be North 24 deg. 27 min. e Eaſt, or N. N. E. 
a quarter E. nearly, but if the Altitude w raken in the] Weſtern 


Semicircle, the Azimuth will be North 24 deg; 27 min. 24 ſec. 
Weſt, or N. N. W. a quarter W. nearlx. | 
Ihave been the more particular in the Solution of this Cale, it being 
the principal Problem made Uſe of by Aſtronomers; to find the true Time 
of the Day, in order to. Correct their Clocks, and by the Navigators, o 
find the true Azimath, in order to find the Variation of the Compaſs. 
0 1 FX 4 \ has! - FT” 7. — . 


109 f af 1 A 111 Bri ; 
| 204 d BLACK 25 br nm “ 4 


Given the Sun's Altitude and Declination, together with his Azi- 
muth, to find the Hour of the Day and Latitude of the Place of 


 Obſervation- _ 3 AA 
eue Example. 


The Sun having 19 deg, 39 min, 10 ſec. 3 North Decliriation; 
his Altitude was found to be 38 deg. 18 min. 46 ſec, 5, and at the 
ſame time his Azimuth South'72 deg: 12 min. 54 ſec. Eaſt. I demand 
the Hour of the Day and Latitude of the Place of Obſervation, _ 


de Stereographic Sluts. 
1. Having drawn the Meridian Z O N'H, the Horizon NO, and 
at Right- angles to it the Prime Vertical Z N, thro the point E 
| Uuuu dras 


* 


* 
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| dra the Vertical Circle Z N form- 
ing an Angle with the Meridian of 
72 deg. 12 min. 54 ſec. equal to the 
Azimuth, by Caſe the 3d of Problem 
the gib, of Section the 24, and ſet 
off the Complement of the Sun's Al- 
tituce 51 deg. 41 min. 13 ſec, 3 in 
it, from Z downward to ©, by Caſe 
the 3d of Problem the 6th, of the {ame 
Sefion, then will © reprefent the 
Place of the Sun. | 


2. About the point © as a Pole, 
at the diſtance of 70 deg. 20 min. 
| 49 fcc. , the Complement of the 
Sun's Declination from the Pole, deſcribe the Small Circle m Pn 
by Caſe the 3d of Problem the 41b, of Section the 2d, where this Cir- 
of interſe&s the Meridian as in P, it gives the Place of the North 
ole. 2 
3. Throꝰ the point P draw the Six a Clock Hour Circle P & and 
at Right- angles to it the Equator. 4 N, and thro' the point © 
and the points P and S and Z and N draw the Hour Circle P 5, 
and the Azimuth Circle Z © N, and the thing is done; and the 
Hour from Noon, or the Angle Z P ® may be meaſured by Caſe 
the 2d of Problem the 1oth, of Section the 2d, and the Arch P Q the 
Latitude of the Place may be meaſured by the Line of Chords. 


Logarithmically, or by Calculation. 
Having let fall the Perpendicular © R from © upon the. Meridian, 
it will be by Caſe the 3d of Obligue-angled Spherical Triangles. Firſt 
to find the Arch Z R. | 8 SL ie — 
As R: cs, OZ P:: t, ZO: t, Z R; that. is, 
As che Radius 10.0000000 


To the Co fine of the Azimuth 72.12.54 = =——9.4849345 
So is the Co-tangent of the Altitude 38.18.4610. 1023077 


To the Tangent of a fourth Arch 21-0808 = — 9.5 972422 


4 * 


r 


— —— 


And 
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| And again, As cs, Z O: c, PO: :CSZR:cs, PR; that is, 
As the Sine of the Altitude 38.18.46 z — 9.7923608 


To the Sine of the Declination 19.39.1054 =———g.z 267557 
So is the Co-ſine of the fourth Arch 21.088 —— 9.9697559 


To the Co-ſine of a fifth Arch 59 36.08 —c gy, 


But p RR Z= P. Wherefore, n 
If from the fifth Arch * — 59 36 08 
Be taken the fourth Arch - — 21 8 08 


There will Remain the Complement of tlie Latitude —38 28 oo 


— 


Which taken fromm —.ͤô? 90 oo oo 


— 


Leaves the Latitude of the Place of Obſervation ——5x 32 oo 


Again, to find the Hour of the Day, it will be by Caſe the 4th 
of Oblique-angled Spherical Triangles. 


As the S. P O: 8. Z O: S. Z OPS. Z PO; thatis, 


As the Co- ſine of the Declination 19.39. 104 9:9739342 
To the Co-ſine of the Altitude 38.78. 464 — 9. 89486 86 
So is the Sine of the Azimuth 72.12-54 —= ——— —9.9787325 
To the Sine of the Hour from Noon 5 2.30.00 —9.8994669 


Equal in Time to 3 h. 30 m. oo ſ. whence the Hour of the Day 
may be had by the former Rules. | 5 
Or, the Azimuth being firſt found, the Hour of the Day might 
have been found by the help of the 34 Axiom, or the Hour being 
firſt calculated, the Azimuth might have been determined by the 

help of the ſame Axiom, as in the former Caſe. | 
When the Altitude of the Sun becomes equal to the Declination, 
then the Azimuth becomes equal to the Hour, for when Z S 
is equal to P ©, then the Angle P becomes equal to the Angle 7, 
Uuuuz © Bur, 
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But, when the Altitude of the Sun is leſs than the Declination, 
(as will happen every Day except when the Sun is in the 
Equator, and in every Place except juſt under either Pole) the Caſe 
will be Ambigaous: For, the Arch Z © the Sun's Zenith Diſtance, 
will be greater than P © his Diſtance from the Pole. 


Prob. VI. 


Caſe 3. 

6 | Example 2. 

Let the Sun's Azimuth be ſuppoſed North 74 deg. 03 min. x1 
ſec. 5 Weſt, his Altitude 12 deg. 30 min. oo ſec. and his Declina- 
tion 19 deg. 39 min. 10 ſec. 4 North, and let it be required to find 
the Hour of the Day and Latitude of the Place. 


Tue Stereographic Solution. | 716 4A 
_ 1. Having drawn the Meridian 
ZONH, the Horizon HO, the 
| Prime Vertical ZN, the Azimuth 
R. Circle Z © N forming an Angle with 
FA the Meridian of 74 deg. o; min. 11 
-4+—\Þ - ſec. 5, and made Z © equal to 77 deg. 
——|\ 30 min. oo ſec. about the Point © 
«deſcribe a Small Circle at the diſ- 
tance of 70 deg. 20 min. 49 ſec. 4, 
© + © this willcut the Meridian in the points 
P. and P, andconſequently the Arch- 
es PO and PO wil be the Latitudes 
— | ot the two Places, and the Angles 
ZPO, 2 P ©, the Hour at each of theſe Places; wherefore, ha- 


* 


ving let fall the Perpendicular P R, it willbe 
| As R: cs, OZ P: t, OZ: t, ZR; that is, 
- As the Radius — ——10.00000000 


— 


To the Co- ſine of the Azimuth 74.03. 1 14 — | 9:43893 3 
So is the Co-tangent of the Altitude 12. 3000——10.6542448 


To the Tangent of a fourth Arch 51.05.58 5 =——<=—=10.093 1760 
( . Ts * 709 ; 


And 
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And again, As cs, Z D: cs, PO: : cs, Z R: c, PR; that is, 
As the Sine of the Altitude 12.30.00 —9.3353368 


— — — 


To the Sine of the Declination 19.3 9.107 —9. 5267557 
So is the Co- ſine of the fourth Arch 5 1.05.58 — — 9 79793 80 


— 


9e 9893569 


To the Sine of a fifth Arch 12.37.58 


But · Z R. PR P, or R o R=PO ; that is, 


If to the Complement of the 4th Arch Z R equal to 38 54 15 
Be added the fifth Arch P R equal to 12 37 58: 


— 


The Sum will give one Latitude equal to — —5x 32 oo 


— — 


Again, 


If from the Comp. of the 4th Arch Z R equal to — 38 54 01 L 
Be taken the fifth Arch PR equal to 12 37 58+ 


2 


The Remainder will be the other Latitude equal to- 26 16 oz 


And to find the Hour at each of thoſe Places it will be, 
As S. PO: S. Z : : S. : S. pP; that is, 
As the Co- ſine of the Detlination 19. 39. 101 9.9739342 


— 


To the Co- ſine of the Sun's Altitude 12.39.00———9.9895815 
So is the Sine of the Azimuth from the Merid. 74.03. 114 9.9829568 


n. 


9.998041 


To the Sine ot the Hour from Noon 85. 24.31 


8 


Which reduced into Time, gives 5 h. 41 m. 38 ſ. for the Hour in 
the Afternoon, in the Latitude of 26 deg. 16 min. 03 ſec. North, 
but 6h. 18 m. 22 ſ. for the Hour in the Afternoon, in the Latitude 
of 51 deg.” 32 min. becauſe the Azimuth is Weſterly ; but it the A- 
zimuth had been Eaſterly in the Latitude of 26 deg: 16 min. oz ſec. 


the Hour in the Forenoon had been 6 h. 18 m. 22 ſ. and in the 
Lati- 
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Latitude of 51 deg. 32 min. North, the Hour had been 5 deg. 41 
min. 38 ſec. i g 


prob. VI. 


Caſe 4. 


1 Altitude of the Sun and his preſent Declination, toge- 
* _ Hour of the Day, to find the Latitude of the Place 
and Azimuth from the Meridian. | 


Example. | 
having 19 deg 39 min. 10 ſec. { of North Declination, 
at Ib. 9 in — Afternoon, his Altitude was found to be 
38 deg. 18 min. 46 ſec. 3. I demand the Latitude of the Place, 
and Azimuth of the Sun. * 3 l wha: 


The Stereographic Solution 


1. Having drawn the Meridian 
Z ON B, the Six a Clock Hour Cir- 
cle P S, and the Hour Circle P© F, 

forming an Angle of 52 deg. 30 min. 

oo ſec. with the Meridian ZO NH, 
by Caſe the 3d of Problem the 9th, of 
Section the 2d. | | 


2. Set off the Complement of the 
Sun's Declination 70 deg. 20 min. 49 
ſec. à frpm P to O, and about the 
point O as a Pole, at the diſtance of 
51 deg. 41 min. 13 ſec: * the Com- 
4 plement of the Sun's Altitude, de- 
{cribe the Small Circle Z Z, by Caſe the 3d of Problem the 4th, of 
Section the 2d, to cut the Meridian in the points Z, Z. | 


3- Thro' the points Z, Z, and the Sun ©, draw the Vertical Cir- 
cles Z O, Z. ©, and the thing is done; and Z P, Z P the Comple- 
ment ot the Latitude, may be meaſured by the Line of Chords, and 


the Angle Z the Azimuth, by Caſe the 2d of Problem the roth, of 
Section the 2d. "has 


This 
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This Caſe is doubtful, as appears by the 3d Caſe of Oblique-augled 
Spherical Triangles, and by the Conſtruction; and to determine the 
Requiſites by Calculation, having let fall the Perpendicular OR, 
from © upon the Meridian, it will be by the 34 Cafe Oblique- 


angled Spherical Triangles, 
As R: cs, ZPO: : t, OP: t, PR; that is, 
As the Radius ———10.0000900 


To the Co ſine of the Hour from Noon 5 2.30 · oo 9 7844471 
So is the Co-tangent of the Declination 19 39,104—10.4471783 


— ä - — 


To the Tangent of a fourth Arch PR 59.36.08 —— 109.2316254 


And again, As ce, OP: cs, 2 O: : c, PR cs, Z R; that is, 
As the Sine of the Declination 19.39 10 —— 9.5 267557 


— k —ͥUPœ — —— — 


To the Sine of the Altitude 38. 18.46 ——— 9.7923608 
So is the Co- ſine of the fourth Arch P R 59.36.08 -— 9.7041508 


To the Co-line of the fifth Arch Z P 21.08.08 ———9. 9697559; 


But PR EZ R=Z P; wherefors, if ' 


To the fourth Arch P R equal to 59 deg. 36 min. os ſec: be added 
the fifth Arch Z P equal to 21 deg., 08 min. os ſec, the Sum 80 
deg. 4_ 16 ſec. taken from 90 deg. will leave 9 deg. 15 min. 
44 ſec: tor the leſſer Latitude; And, | 
If from the fourth Arch P R 59. deg. 36 min. 08 ſec. be taten: 
the fifth Arch ZR equal to 21 deg: 08 min. o8.ſec. the Remainder - 
38 deg. 28 min. oo ſec. taken from 90 deg. wilkleave 5.1 deg; 32 
min. Go ſec. for the greater Latitude. 

But if in the former Caſe the Sum ſhenld exceed go degrees or a 
Quadrant, the Exceſs will give the Latitude the contrary way; that 
is if the Declination be Nor ch, re the Latitude would be South. 


Tho Comp. of PR. ZR=Lartit, that is, 30. 23.52 +, 1.08.08 
21.32.00 f Greater 1 Atitude. | | | 
\&, 2-15-44 eder ; . | 13 1 
35 *., 
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Again, for the Azimuth from the Meridian, it will be by the 
1/t Caſe of Oblique- angled Spherical Triangles, I nn 


As the S. Z O: S. PO: : S. ZPO: S ZO; that is, 
As the Co- ſine of the Altitude 38.18.465üͤü kk: —9.98946686 


To the Co- ſine of the Declination t 9.394109 9.973342 
So is tl.z Sine of the Hour from Noon 53. 30.00 —— 98994667 


To the Sine of the Azimuth from the Merid, 72.12.54=9.97873 23 


Wherefore, | | 

If the Latitude be 51 deg. 32 min. oo ſec, the Azimuth in the 
Afternoon is South 72 deg. 12 min- 54 ſec, Weſt, or W. S. W. half 
W. nearly, but in the Latitude ot 9 deg, 15 min. 44 ſee, North, 
the Azimuth is North 72 deg. 12 min. 54 ſec. Weft, or W. N. W. 
half W. nearly, as is manifeſt by the Figure; and the contrary, if the 
Time given had been in the Forenoon. | | 

Again, when the Sun's Altitude in this Caſe becomes leſs than 
the Declination, the Caſe will be limited to one Anſwer only, for 
then Z © will be greater than P ©, and the Length of the Arch P 2 
will be limited, as will appear by the following Example. 


Prob. VI. 
Caſe 4. 


Example 2. 


Suppoſe the Sun having 19 deg. 39 min. 10ſec. 5 of North De- 
clination, his Altitude at 6 h. 18m. 22f. in the Afternoon, was 
found to be 12 deg, 30 min. oo fec. I demand the Latitude of the 
Place and Azimuth of the Sun. | 


The Stereog raphic $ elution, by. 


1. Haveing drawa the Meridian Z O NH, the Six a Clock Hour 
Circle PS, the Equator 4 ©, the Hour Crircle PO S forming an 
Angle of 94 deg. 35 min. 3ofec. with the Meridian PZ HN, aud 
ſer off the Complement of the Declination 70 deg. 20 min. 39 ſec. 4 
from P to ©, to obtain the Place of the Sun. kt 

++; | Ls 2. About 


Afronomical 
2. About the point O as a 
Pole, at the diſtance of 77 deg. 
30 Min. oo ſec. the Comple- 
ment of the Sun's Altitude, 
deſcribe the Small Circle q r, 
where this cuts the Meridian in 
Z, it will give the Zenith; thro 
which and the Nadir N, draw . 
the Vertical Circle Z © MN, and 
the thing is done; and the An- 
gle Z the Azimuth, may be 
meaſured by Caſe the 2d of 
Problem the 1oth, of Section the 
24, and O P the Latitude by the 


Line of Chords. ; | 
That this Caſe is limited is manifeſt by the ConſtruFion, for the 


Problems. 


Small Circle 42 cuts the Meridian but on one Side of the Pole, and 


that in the point Z; wheretfore to find the Latitude by Calculation, 
having let fall the Perpendicular © KR, it will be by the 34 Cafe of 
Oblique-angled Spherical Triangles, | 

As R: cs, Z PO: : t, PO: t, PR; that is, 


As the Radius ä -—10.0000000 
To the Co- ſine of the Hour 94.35.39 —— 3033820 
So is the Co- tangent of the Declination 19.39.10 110.4471783 
To the Tangent of a fourth Arch 12.3 8.05 — 9.3 505603 
And again, As ct, ®P:cs,ZO::cs,PR:cs,ZR; that is, : 
As the Sine of the Declination 19.39.1047 ——— 9.5267557 
To the Sine of the Altitude r2.30.00——— 93353368 
So is the Co- ſine of the fourth Arch 12.38.05 ——— —9.9893538 
To the Co- ſine of a fifth Arch 51.06-00 — 9.7979 700 


Now if from the fifth Arch ZR equal to 51 deg. 06 min. ov ſec. 
be taken away the fourth "_— PR, equal to 12 deg, 38 min. 2 
a 6 ec. 
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ſec. the Remainder taken from go Degrees or a Quadrant, vil : 
leave 51 deg- 32 min. os f. for the Latitude North. 

And to find the Azimuth, it will be by. Caſe the 1{ of Oblique-anged 


I Triangles, 
Spherical Tri „. 8. PO: : 8. Opꝛ8. <TZ; that i is, 


As the Co fine of the Altitude 12. 30.00 — — 9.98958$15- 


To the Co fine of the Declination 19.39.1014 —— —9.9739342 
So is the Sine of the Hour 94.35.30 — —-——9. 9986939 


— 


To the Sine of the Azimuth 74.03. 11 


- 9.9829566- 


— ſ— — 


Which becauſe the Latitude is North and the' Time given in the Af. 
ternoon is North 74 deg. 03 min. Ir {eC, Weſt, or W. N. W.zW 


nearly. 
Prob. VI. 
Caſe 5. | 
Given the Latitude of the Place the Declination of the Sun „ and: 
the Azimuth, to find the Hour of the Day and 0 


Example. 


In the Latitude of 51 deg. 32 min. 00 ſec; North, the Sun ha- 
ving 19 deg- 39 min. 10 ſec. 3 North Declination. I demand the 


Latitude ot the Place and hour of the Day, the Azimuth of the Sun 
being South 72 deg. 12 min. 54 ſec, Weſt. 


"The WW Solution. 
I. Having drawn the Meridian: 
2 O NH, the Horizon HO, and 
at Righr- angles to it the Equator 
A Q, ſet off the Latitude of the 
Place 51 deg. 32 min. oo (ec. 
from O to P, and draw the Six a 
Clock Hour Circle PS, and at 
Right- angles to it the Equator AQ. 


* 
2 


2. Thro' the Zenith Z draw the 
Vertical Circle Z © XN, forming 


an Angle of 72 deg. 12 min. 22 
C. 
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ſec. with the Meridian, by Caſe the 3d of Problem the 9th, of 
Seftion the 2d. $444 1» 1.2 © Neg ee 8 10 | 

z. At the diſtance of 70 deg- 20 min. 49 ſec. à, the Comple- 
ment of the Sun's Declination, draw the Small Circle x © 4, about 
the Pole P, by Caſe the 24 of Problem the 4th, of Section the 2d, 
where this cuts the Vertical Circle in the point ©, it will give the 
Place of the Sunn ee. bao ͤ 

4. Thro' the point © and the points Z and N, draw the Verti- 
cal Circle Z © MN, alſo thro' the ſame point © and the Poles P and 
Straw the Hour Circle P © F, and the thing is done; and Z © the 
Sun's Zenith Diſtance may be meaſured by Caſe the 3d of Problem 
the 7th, of Section the 2d, and the Hour from Noon Z P ©, by Caſe 
the 24 ot Problem the roth, of the fame Sion. 

To find the Requifites by Calculation. 

Tn the Oblique-angled Spherical Triangle Z P © are given, Z P 
equal to the Complement. of the Latitude, P © equal to the Com- 
plementof the Sun's Declination,and the Angle © Z P the Azimuth, 
whence to find the Arch Z © the Complement of the Altitude, it 
will be by the 3d Caſe of Oblique-angled Spherical Triangles, having 
fir} let fall the Perpendicular PR. | 

As R: cs, PZ R:: t, PZ t, ZR; that is, 
As the Radius - — 10 0000000 


— pm. een od 


To the Co-ſine of the Azimuth 72.12.54 9.4849345 
So is the Co-tangent of the Latitude 5 1.32 00 9.9000865 


To the Tangent of a fourth Arch Z R 13.38.25#-—— 93 850210 


| SIE again, Ascs, ZP: cs, Gp: :CS,ZR:cs, ©R; that is, 


As the Sine of the Latitude 51.32,00 ——— 958937452 
To the Sine of the Declination 19.3 9.10! ——<9.5267557 

So is the Co- ſine of the fourth Arch 13.38.25z- 9.9875746 
To the Co- ſine of a fifth Arch 65.19.39 — — 8820585 I 


nie | | 'ih@s 10 
F Nov if from the fifth Arch 65 deg. 19 min. 39 ſec: be taken che 
fourth Arch 13 deg. 38 min. 25 ſec. 3, the Remainder will be Z©, 
* . / X X xX 2 / equal 
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equal to yr deg. 4x min 13 ſec. , this therefore taken from ge 
er or a Quadrant, will give Fo deg. 18 min. 46 ſec. 3, for the 
Altitude. r, | 
The fourth Arch 13 deg. 38 min. 25 ſec , added to the Sine 

of the fifth Arch 24 deg. 40 min. 21 ſec. will give 38 deg. 18 min. 
46 ſec. 4, for the Altitude required. 

For the Hour it will be by the firſt Caſe of Obligue-angled Spheri- 
cal Triangles, | | 

As the S. P O: S: Z O:: S. : S. <P; that is, 
As the Co fine of the Declination 19.39. 101 — 99739342 


To the Co-ſine of the Altitude 38.18.46 z—<———— 9g.3946686 


So is the Sine of the Azimuth 72.12.54 _—_—— — 9.97873 25 
To the Sine of the Time 32. 30.994669 


This being reduced gives 3 h. 30 m. oo f for the Hour of the Day 
in the Afternoon, becauſe the Azimuth was Weſterly. 

But if it happen that the Latitude of the Place is leſs than the Sun's 
Declination and both the ſame way, the Caſe will be doubtful and 
admit of two Anſwers, as the following Example will make appear. 


Prob. VI. 
Caſe 5s | 


Example 2. | S | 

Let it be required to find the Hour of the Day and Altitude of 
the Sun when he will appear upon the Weſt North Weſt or Eaſt 
North Eaſt Azimuth Circle at Barbadoes, in the Latitude of x3 deg. 
30 min. North, at the Time of the Summer Solftice, or when the 
Sun has 23 deg- 29 min. of Northern Declination, which happens 
there upon the 10th of June. 5 

* The Stereographic Solution. 

1. Having drawn the Meridian Z O NH, the Horiren O, and 
at Right angles to it the Prime Vertical ZN, ſet off the Latitude of 
the Place 13 deg. 30 min. from O to P, and draw the Six a Clock 
Hour Circle P & and at Night- angles to it the Equator AL = 

WE | | 2, Thro 
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2, Thra the Zenith and Nadir | 
draw the Vertical Circle Z© © N, 
forming an. Angle of 67 deg. 3o min. 
oo ſec. equal to che Azimuth, by-Caſe 
W 4 of Problem the gth, of Section 


PE 


3. About the Pole P, at the diſ- 
tance of the Complement of the Sun's 
Declination 66 deg. 31 min. oo ſec. 
draw the Small Circle » © g, by Caſe 
the 2d of Problem the 4th, of Seffien 
the 2d, where this interſe&ts the | 
Vertical Circle before drawn in the points O, ©, it gives the two 
different places in the Heavens where the Sun is, when he appears 
under the ſame Azimuth, and x O, x O, will be the different Al- 
titudes ot the Sun at thoſe times, each of which may be meaſured by 
Caſe the 3d ot Problem the 7th, of Seftion the 2d. 

4. Thro' the points ©, ©, and Pand S, draw the Hour Civcles 
POS, POS, and the Angles Z P O, Z P ©, will give the times 
from Noon, each of which may be meaſured by Cafe the 2d of Pra- 
blem the 10th, of Section the 2d. l T9908 

Logarithmically, or by Calculation. 

In the Oblique-angled Spherical Triangle Z P © are given, Z Þ' 
equal to Complement of the Latitude, the Angle Z the Azimuth, 
and PO the Sun's diſtance from the North Pole, whence to find 2 6 


the Complement of the Altitude, it will be by Caſe the 3d of Oblique-- 
angled Spherical Triangles, having firſt let fall the Perpendicular PR. 
As R: cs, A: : t, ZP: t, Z R; that is, 
As the Radius ĩ⁊ð . 1000000000 


* 


. Mi... 


To the Co- ſine ol the Azimuth 67.3000 9.58283 975 
$0 is the Co- tangent of the Latitude F3 30.00 10.6 196463 


* e 9 * * AM 


To the Tangent of a fourth Arch 57.53. 702024860 
e 
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And again, As cs, Z P. cs, O: es, ZR s, O R; that is, 


* , 


As the Sine bf the Latitude 13+30-00- — 93681853 


| * 
* 0 
E 


To the Sine of the Declination 23.29 —— ——9 6004090 
So is the Co- ſine of the fourth Arch Z R 57:53.51X —9.7254489 


To the Co-ſine of the fifth Arch © R 24.53.144 


——— 


9.9576726 


” ” 
" » , 


But ZR To R=Z ©, that is, if to the fourth Arch 57 deg. 
53 min. 5 t ſec. 2, be added the 'fitth Arch 24 deg. 53 min. 14 
ſec. 3, the Sum 82 deg- 47 min. os ſec. 4, taken from 9o Degrees, 
will leave 7 deg. 12 min. 53 ſec. for the leaſt Altitude x ©. But, 
If from the fourth Arch'57 deg. 53 min. 5 1 ſec. , be taken the 
fifth Arch 24 deg. 53 min. 14 ſec. 7, the Remainder 33 deg. oo min. 
36 ſec. 7, taken from 9o Degrees, will leave 56 deg. 59 min. 23 
ſec. 3 for the greater Altitude; whence to find the Time from Noon 
will be | | 


As the Co- ſine of the Declination 23-29.00 —>———9 96245 27 
To the Sine of the Azimuth 67.30.00 —— 9.96561 5 ; 
So is the Co-ſine of the leaſt Altitude 7. 12.531 —— 9 9965476 


To the Sine of the correſpondent Time $7.5 4.26 
© anſwering to 5 h. 5 1 m. 371.7 | 

03354377 K 9 * + A 7 _Again, 295 | | #7; ' 
As the Co- ſine of the-Sun's Declination 23.29 00 — 9.962457 


—9. 9997102 


18 1 
- — —ę— ———_—_ 


To the Sine of the Azimuth 6 7.30.00 9.9656153 
So is the Co- ſine of the greateſt Altitude 56. 59.234 —— 97362193 


To the Sine of the correſpondent Time 33.16.55 ——9.7393819 
anſwering to 2 h. 17m. o ſ. 3 —— ͤ — 
Whence it is manifeſt, that at Barbadoes on the 10th of June, 
when the Sun has his greateſt Declination, he appears upon the ſame 
point of the Compaſs twice in the Forenoon, and twice in the After- 
noon ; that is, he appears in the E. N. E. Azimutli at 6 h. o8 m- 
22 f. 4 in the Morning, and again at 9 h. 46 m. 52 f. 3 the ſame 
val Morn- 
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Morning, at the firſt of which Times he has 7 deg. 12 min. 5 3 ſec. 
of Altitude, and at the ſecond time 56 deg. 59 min. 23 ſec. 7. 
eee, eee -j.; io 2. 

He appears in the W. N. W. Azimuth at 2 h. 13 m. oy ſ. ? in 
the Afternoon, and again at 5 h. 51 m. 37 . the fame Aftemoon, 
at the firſt of which times he has 56 deg. 39 min. 23 ſec. 4 ot Alti- 
tude, and at the ſecond only 7 h. 12 m- 53 f. 3. | 
Again, Suppoſe it were required to find at the ſame Place and on 
the (ame Day, what ſhall be the Sun's greateſt Azimuth from the 
Meridian, at what Time it ſhall happen, and at what Altitude? 
„e The Stereographic Solution. - J% ics 

1. Having drawn the Meridian | 
20 NH, the Horizon HO; the 
Prime Vertical Z N, the Six a Clock 
Hour Circle PS, and the Equator 
AQ; about the South Pole & draw. 
a Small Circle z x 4, at the diſtance .. 
of the Sun's Declination (in this Caſe 
23 deg. 29 min.) to interſect the Ho- 
rizon in x. fg 


2: About the point x as a Pole, /. 
deſcribe the Vertical Circle Z N +) PIPE ; 
by Caſe the 2d of Problem the 4th, of | * 
Section the 2d, and thro' the points 
P, , and 5, draw the Hour Circle P © S, by the firſt Problem of. 
the ſame Caſe, where theſe two Circles interſect each other as in the 
point O, it will give the Place of the Sun; then will Z be the Com- 
ptemeat of the Altitude, (and which may be meaſured by Caſe the 
34 of Problem the 7th, of Section the 2d) the Angle P Z © the Azi- 
muth, and the Angle Z P © the Hour frem Noon, each of which 
may be meaſured. by Caſe the 2d of Problem the 10th, of the ſame 
Section, but to determine them by Calculation. 
In the Spherical Triangle Z PO Right-angled at O, are giren, 
2 P equal to the Complement of the Latitude, P equal to the 
Complement of the Declination, hence to find firſt,” the Hour 


from Noon, it will be by Caſe the 1 2th ef Right-angſed Spherical 


Triangles, 
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As ct, PO: ct, Z P: : R: c, IP; that is, : 


As the Tangent of the Declination 23. 96379563 
To the Tangent of the Latitude 13.3 peg 9.3803 537 
So is the Radius ————————— 1 


— —ñ— — 


To the Co- ine of the Hour from Noon $6-27.204 9. 7423974 


— OO * 


Which converted into Time will give 3 h: 45 m. 49 ſ. . RN). 
2. To find the Angle Z or the Azimuth, it will be by Caſe the 
13th of Right-angled Spherical Triangles, | 
As S. Z P: S. Z O: : R: S. z; that is, 


As the Co- ſine of the Latitude 13.30.00 —9.9878315 
To the Co-lincof the Declination 23.31.00 ——9g:.9624527 
So is the Radius —— —— ———— —— ——— 10-0000000 

To the Sine of the Azimuth 70.36.0994 ——— — 99746212 


| — 
3. To ſind Z O the Complement of the Altitude, it will be by 


Caſe the 14th of Right-angled Spherical Triangles, 
Za. As cs, PO:cs, Z P: : R: cs, Z ©; that is, 


As the Sine. of the Declination 23 29.0 g:.60040g0 
To the gine of the Latitude 13.30.00 —-— 9.368035 3 
So is the Radiug————-—————10.0000000 
To the Sine of the Alritude 35.5 1431 9.7677763 


each of which Times he has 35 dep. 5x min. 43 fec. * of Altitude; 

ſerving the Azimuth 

of the Sun, becauſe the Variation is then the leaſt, * 
e 
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The Sun's Amplitude by the 1ſt Caſe of the 2d Afronomical Pro- 
blem, Page the 2624, will be found zo be 24 deg. 11 min. 33 ſec. 
and conſequently his diſtance from the North point of the Horizon 
will be 65 deg. 48 min. 27 ſec. whence by the help of the prece- 
ding Calculation, he will be found to have the ſame Azimuth at roh. 

031-1964 in the Morning, or at 1 h. 56m. 294. f in the Aﬀter- 
noon, when his Altitude will be found to be 50 deg. 43 min. 36 
ſec. ſo that between the time of the Sun's Riſing at 5 h. 36 m. oof. 
and 8 h. 14 m. 10 f. when he has the greateſt Azimuth, and which 

is equal do 2 h. 38 m. to ſ. he alters his Azimuth but 4 deg. 47 
min. 42 ſec. that is not quite half a point, during which time he 
aſcends 35 deg. 51 min. 43 ſec. above the Horizon ; and again, be- 
tween 8 h. 14 m. 10 ſ. and 10 h. o3 m. 36 f. where his Azimuth 
becomes equal to the Complement of the Amplitude, and which is 
equal to 1h. 49 m. 26 f. during which time he gains 14 deg. 51 
min. 53 f. of Altitude, he alters his Azimuth again, but 4 h. 47 m. 
42 ſ. and the ſame in the Afternoon between the hours 1 h. 56 m. 
271. and 3 h. 45 m. 49 ſ. and again, between 3 h. 45 m. 49. 
and the time of the Sun's ſetting, To that between the time of the 
Sun's Rifing at 5 h. 36 m. 001. and 10 h. 03m. 36 {. in the Fore- 
noon, and between 1 h. 56 m. 24 f. in the Afternoon, and the time 
of the Setting Sun which is at 6 h. 24 m. oo {, and Which is equal 
to 4h. 27 m. 36 ſ. during which time the Sun aſcenfls and deſcends 
5o*deg. 43 min. 36 ſec, he alters his Azimuth but 45, whence it 
is that the Variation in theſe Places may be obſerved with the great- 
eſt Exactneſs, ſince a conſiderable Error in Time or Altitude, will 
make little or no Error in the Azimuth; and 'tis for this Reaſon 
that our Mariners onghrt to omit no Opportunity at ſuch Times and 
in ſuch Places, to make All Obſeryations they can poſſible. And, 


Tnaſmuch as the fame Caſe will happen in all Places ſcituated be- 

 tweeh the Tropics at one Time or other, and no Notice being taken 
of it in the Books now in Uſe, I have been the more particular. in 

Exemplitying it, becauſe many good Obſer vations have been ſoſt, 
and many good Opportunities neglected, for want of Perfohs being 
beerer Whores. , 97 OINCTT.. . 


144006 


24 ' , bY i * 7 10 
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| Prob. VI. 


Caſe 6. 


Given the Azimuth of the Sun, his Declination, together with 
the Hour, to find the Altitude of the Sun, and Latitude of. the 


Wer Example. 


The Sun having 19 deg. 39 min. 10 ſec. 7 North Declination, 
his Azimuth at 8h zo m. oof. in the Morning was found to be 
South 72 deg. 12 min. 54 ſec. Eaſt: I demand his Altitude, and 
the Latitude of the Place of Obſervation- | 

The Stereographic Solution. | 

„ 1. Having drawn the Meridian 
Z ON H, the Six a Clock Hour Cir- 
cle PS, and at Right-angles to it the 
Equator 4 Q, thro' the point P draw 
the Hour Circle P OS forming an 
Angle of 52 deg. 30 min. oo ſec, with 
the Meridian equal to the Hour from 
Noon, by Caſethe 3d of Problem the 
9th, of Section the 2d, and ſet off 70 
deg- 20 min. 39 ſec. 5, the Comple- 
ment of the Sun's Declination from P 
to ©, by Caſe the 3d ot Problem the 
th, of the ſame Section, then will © 
| be the Place of the up. 

2. Thro” the point © draw the Vertical Circle Z © N, forming 
an Angle with the Meridian of 72 deg. 12 min. 54 ſec. equal to the 
given Azimuth, by Caſe the 4th of Problem. the 9th, of Section the 
2d, and the thing is done ; and Z © the Sun's Zenith Diſtance may 
be meaſured by Caſe the 3d.of Problem the 7th, of Section the 2d, 
and O p the Latitude of the Place may be meaſured by the Line of 
Chord. f 


Logarithmically, or by Calculation. 


In the Oblique-angled Spherical Triangle Z P © are given, P © 
the Complement of the Sun's Declination, Z P © the Hour — 
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Noon, and the Angle P Z O the Azimuth from the Meridian, 
whence to find, firſt, the Complement of the Latitude Z P, it will 
be by the 6th Caſe of Oblique-angled Spherical Triangles, having firſt let 


fall the Perpendicular O R. | 
| As Res, Z PO: : t, OP: t, PR; that is, 
As the Radius — — — —— — — [ 0.0000000 - 


To the Co-ſine of the Hour from Noon 52:30.00 9.7844471 
So is the Co rangent of the Declination 19. 39.104 —10.4471783 


To the Tangent of P R a fourth Arch 59.36.08 
And again, As t, <Z: t, XP: : S. PR: S. Z R; that = 


10.2316254 


As the Tangent of the Azimuth 72.12.54 -—10.4937939 
To the Tangent of the Hour 52.30.00 — 10. 1 150 195 
So is the Sine of the fourth Arch P & 59.36.08 9.9357759 
To the Sine of a fifth Arch Z R 21.08.08 — 595 


But PR-ZR=Z P; that is, if from the fourth Arch 59 deg. 36 
min. o8 ſec. be taken the fifth Arch Z R equal to 21 deg. o$ min. 
o8 ſec. there will remain Z P equal to the Complement of the La- 
titude 38 deg. 28 min. or ſec. this therefore taken from go deg. or 


r, 

If to 30 deg. 23 min. 5 2 ſec. the Complement of the fourth Arch, 
be added the fifth Arch 2x deg. 08 min. os ſec. the Sum 51 deg. 
32 min. oo ſec- will give the Latirude of the Place of Obſervation. 

Again, to find the Sun's Altitude, it will be by theſame Caſe of 
Oblique-angled Spherical Triaugles, 

As cs, PR: cs, ZR: : cõ, PO: cs, ZO; that is, 


As the Co- ſine of the fifth Arch PR 59.3 6:08 9.7041508 


To the Co- ſine of the fourth Arch Z R 21.08 o8—9.9697557 
So is the Sine of the Declination 19.39.1043 - —9. 526755 


5 


Yyyy 2 Or, 
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Or the Altitude might have been found directly from the Data 
in the Queſtion, without letting fall a Perpendicular, by the 1ff Caſe 
of Oblique-angled Spherical Triangles, uc 
When the Hour from Noon is greater than the Azimuth from the 
Meridian, the Caſe becomes doubttul ; as the following Example 


Prob. VI. 
— "Gaſes. 
WITT — — Example 2. 5 
The Sun having 19 deg. 39 min. 10 ſec. 5 North Declination, at 
5b. 18 m. 22 f. in the Afternoon, his Azimuth was found by Ob- 
ſervation to be North 74 deg- oz min. 11 ſec. Weſt. I demand 
the Latitude of the Place and Altitude of the Sun. 
n Tue Sereographic Solution. | 
— | 1. Having drawn the Meridian 
Z ON, the Six a Clock Hour Cir- 
cle PS, and at Right- angles to it 
the Equator 4 Q, thro' the Pole P 
draw the: Hour Circle P © S, for- 
ming an Angle: with the Meridian e- 
qual to the given Time, equal to 94 
deg. 35 min. 29 ſec. by Caſe the 3d 
of Problem the gth, of Section the 2d, 
and lay off the Complement: of the 
Sun's Declination equal to 70 deg. 
20 min. 49ſec. 5 from P to ©, by 
N Caſe the 3d of Problem the 6th, of the 
ſame Seclian, this will repreſent the 
n Place of the sun. =o 
2. Thro the point © draw the Vertical Circle Z ON. 2© u, 
(by Caſe the 4th of Problem the 9th, of Section the 28.) forming an 
Angle PZ O, Px, ©, with the Meridian, equal to the given Azi- 
muth 74 deg. o; min. 11 ſec. and the thing is done; and the Zenith 
diſtance Z ©, z ©, may be meaſured by Caſe the 3d of Problem the 
7th, of Scion the ad, and the Complements of the Latitudes Z P, 
z P, may be meaſured by the Line of Chords. * 
at 
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That this Caſe is doubrful, is manifeſt by the Conſtructian, ani 
by the 2d and 6th- Caſes ef Oblique angled. Spherical Triangles'; and 
therefore ro find the different Latitudes Z O, x 0, in the Spherical 
Triangle Z P © are given, the Angle Z the Azimuth, and the An- 
p the Hour, and P - the diſtance of the Sun from the Pole, whence 
by the 2d and 6th Caſes of 0/ique-angled Spherical Triangles, having 
firſt let fall the Perpendicular & R it will be, 7 


As R: cs, P: : t, PO: t, PR; that is, 

As the Radius r ä 10 0000000- 
To the Co- ſine of the Hour from Noon 94.35.29 8. 9033558 
So is the Co-:ang. of the Sun's Declination 19.39.10 104471783 


— —— — 


To the Tang. of a fourth Arch P R 12.38.02 — 9.3 505341 


2» 


— 


And again, As t, Z: t, P: : S. P R: S. Z R; that is, 
As the Tangent of the Azimuth 74.03.11 — — 110.5440236 


—— . 


To the Tangent of the Hour 94-35-29 — 1.048: 
So is the Sine of the fourth Arch PR 12.38.02z———9.3 398894 


—9.8911140- 


To the Sine of the fifth Arch Z R 5 1-0 5.592 


But Z P RP; that is, if from the fifth Arch 5 1 deg, os 
min. 59 ſec. x, be taken the fourth Arch PR 12 deg 38 min. 02 
ſec, the Remainder Z P equal to 38 deg. 27 mia. 57 ſec. &, taken 
trom 9o Degrees or à Quadrant will leave PO, equal to 51 deg. 
32 min. 02 ſec. ; for one Latitude, which is North. 

Again, becauſe the Supplement of Z R- R is equal to x P, it 
from the Supplement of Z R 128 deg- 54 min. oo ſec. +, be taken 
P R, equal to 12 deg. 38 min, o2 ſec. the Remainder 116 deg. 15 
min. 58 ſec, +, it willgivez P, from which taking away a Quadrant 
or 90 Degrees, it will leave 26 deg. 15 min. 58 ſec. M for the other 
Latitude which is South, for when Z P is more than a Quadrant, 
the contrary Pole is elevated above the Horizon * 

in, to find the Sun's Altitude, it will be by: the firſt Caſe of 
Oblique-angled Spherical Triangles, — | 
| 3 6 wk a ho As 
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1 As S. CZ: S. p: 8. PO: S. Z O; that is, | 


As the Sine of the Azimuth 74.03.11 —9.9829568 
To the Sine of the Hour 94.35.29 ————— 9:9986041 
So is the Co-ſine of the Declination 1939 104 —— 99739342 
To the Sine of Z © equal to 77.30.00 — — — 9895815 


This taken from a Quadrant will leave 12 deg. 30 min, oo ſec. 
for the Altitude of the Sun in the Latitude of 5 1 deg. 32 min. 2 
ſec. North, but taken from a Semicircle, will leave 102 deg. 30 
min. oo ſec · for the diſtance of the Sun from the Zenith z,; of a Place 

in the Latitude of 26 deg. 15 min. 58 ſec, + South, that is the Al- 
titude of the Sun in the Latitude of 26 deg. 15 min. 58 ſec.+ South. 


Prob. VI. 


Caſe 7. s 
_ "Given the Altitude of rhe Sun, his Azimuth, and the time of the 
Day, to find the Latitude ofthe Place and Declination of the Sun 


Example. jo 
At half an Hour paſt Three in the Afternoon, the Sun's Altitude 
was obſerved to be 38 deg. 18 min. 46 ſec. #, when his Azimuth 


was South 72 deg. 12 min. 54ſec. Welt. I demand the Latitude 
of. the Place of Obſervation, and Declination of the Sun. 


The Ster eographic Solution, 


1. Having drawn the Meridian 
ZONH, the Horizon HO, andat 
Right-angles to it the Prime Verti- 
cal Z N, draw the Vertical Circle 

2 © N, forming an Angle 4Z ©, 
ot 72 deg- 12 min. 54 ſec. with the 
Meridian, by Caſe the 3d of Problem 
the 9th, of Section the ad, and lay 
off the 51 deg. 41 min. 13 ſec. £, 
the Complement of the Sun's Alti- 


tude 
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tude from Z to ©, by Caſe the 3d of Problem the 6th of the fame 
Section, then will © repreſent the Place of the Sun. | 

2. Thro' the point © draw the Hour Circles © P, © p, by Cafe 
the 4th-of Problem the 9th, of Section the 2d, forming an Angle of 
$52 deg. 30 min. oo ſec. equal to the Hour reduced into Time, with 
the Meridian Z P ©, and the thing is done; and © P, Op, the re 
ſpective diſtances of the Sun from the Pole, may be meaſured by Caſe 
the 3d of Problem the 7th, of Section the 2d, and the Latitudes Op, 
op, may be meaſured by the Line of Chords. 

That this Caſe is Ambiguous is plain from the Conſtruction, and the 
2d Example of the 6th Caſe of Obliqne-angled Spherical Triangles, and 
thence to find the Laticudes O P, 6p, by Calculation, in the Spheri- 
eal Triangles Z P ©, Z p O, are given Z © the Sun's Zenith diſ- 
tance, the Angle Z the Azimuth, and the Angle P the Hour from 
Noon, whence to find PO, p O, the Latitudes, it will be by Caſe the 


6th of Oblique- angled Spherical Triangles, having firſt let fall the Per» 


pendicular OR. ; 
As the R: cs, Z: : t, Z O: t, Z R; that is, 
As the Radius ef . 10. ooοοοοο 
To the Co- ſine of the Azimuth 72. 12-54 9.4849345 
So is the Co- ſine of the Altitude 38.18.46 —10. 1023077 
To che Tangent of a fourth Arch 21.08.08 | 9:5872422 
And again, As t, CP: t, Z: 8. Z R: S. PR; that᷑ is, 
As the Tangent of the Hour 52.30. —— — 10.115195 
To the Tangent of the Azimuth 72. 12.54 — 10. 49 89 > 
So is the Sine of the fourttr Arch 21.08.08 * "1 
To the Sine of a fifth Arch 59.36.08 1953577 


. 


But P R-Z R= that is, as the fiſth Arch P R equal to 39 
deg. 36 min os ſec. leſſened by the fourth Arch Z P, equal to 21 
deg. od min. 08 ſec- will give Z , equal to 38 deg. 28 min. oo 
ſec. and this taken from 90 Degrees or a Quadrant, will leave 31 

deg. 32 min. oo ſec. equal to F O. che Latitude North, 
Agains: 
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Again, Becauſe the Supplement of R R- ZR NZN, if from 
120 deg. 23 min. 52 ſec. the Supplement of the ifiſth Arch, be ta- 
ken the fourth Arch 2 R equal to 21 deg. og min. od ſec. ther Re- 
mainder gg deg. 15 min. 43 ſec. & equal to E p, ſrom whence ta- 

king away go Degrees equal to Z O, there will remain: O pr equal to 
9 deg. 15 min. 44 ſec. for the other Latitude whiehꝭ is South, for 
becauſe Z p is greater than àa Quadrant, che oppoſite Pole to P is 
elevated above the Horizon. | Wan jo he. od 
And again, to find the'Sun's-diftance from the Pole, it will be by 
the 1/4 Caſe of Oblique- angled Spherical Triangles, & 16T 
As S. : S. Z: : S. Z O: S. O; that is 
As the Sine of the Hour from Noon 5 2.30.0 —— 9. 2994667 


— — - —— --_—— — 


To the Sine of the Azim. from the Merid. 7 4—9.9387345 
So is the Co-ſine of the Alcit. of the Sun 38.18.46 —9.8946686 


— — — 


— 99730344 


To the Sine of Y © 70. 20.494 


This taken from 90 Degrees, will leave 19 deg. 39 min. 10 ſec. 
for the Sun's Declination North, in the Latitude of 51 deg. 32 min. 
oo ſec, North, but taken from 189 Degrees, will Jeave log deg. 
39 min. 10 ſec. 2 for p © the diſtance of the Sun from the Pole, in 
the Latitude of 9 deg- 15 min. 44 ſec. South, whence his Declina- 
tion is given again 19 deg. 39 min. 10 ſec. 2 North. | 
Bur when the Hour from Noon is greater than the Azimuth from 
the Meridian, the Caſe is then limited and confin'd to one Anſwer, as 
the following Example will make appear. 


Prob. VI. 
Caje 7. 
Example 2. 6 
At 6 h. 18m. 22 f. in the Afternoon, the Sun's Altitude was 


found by Obſeryation to be 12 deg. 30 min. oo ſec. when his Azi- 


muth was North 74 deg. og min. 11 ſec. Weſt, ] demand 4 
titude of the Place, and Declination ot the Sun. 1 


— 


The 
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Dae Stereographic Solution, 


1. Having drawn the Meridian q 
ZO N-H, the Horizon HO, the 2 
Prime Vertical Z N, and the tient. Nie 
Circle Z ON, forming an Angle f 
74 deg. 03 min. 11 ſec. with the 
Northern part af the Meridian ZON, 
by Caſe the 3d of Problem the gib, of H 
Section the 2d, and laid off the Sun's 
Zenith diſtance from Z to O, in the 
ſame Circle, by Caſe the 3d of Problem 
the 6th of the ſame Seton, thro the | 
point © the place of the Sun, draw WP 
the Hour Circle P © S, forming an "6 
Angle Z P ©, of 94 deg. 35 min. 29 ſec. equal to the time from 
Neon, with the Meridian 4 Z P, and the thing is done; and O 
the Sun's diſtance from the Pole may be meaſured by Caſe the 3d 
of Problem the 7th of Section the 2d, and P O the Latitude of the 
Place may be meaſured by the Line of Chord. 


That this Caſe is limited is plain, from the 1/# Example of the 
6ih Caſe of Oblique-angled Spherical Triangles, and from the Conſtruc- 
tion, and therefore to find the Latitude O by Calculation, in the 
Spherical Triangle Z P © axe given, Z O the Sun's diſtance from the 
Pole, the Angle Z the Azimuth, and the Angle P the Hour, whence 
to find firſt O P the Latitude, it. will be, having firſt let fall the 
Perpendicular OR, by the 6th Caſe of Oblique, &c. 


© AsR:cg,<2: it, 2 9 f, Z R; that i, 
As the Radius — to. ooo 


Ta the Tangent of a fourth Arch g 1.5.38 ——»—10.093 176 


— —— — x. vx 


7 2222 And 
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And again, as cs, Z © 108, PO: c, Z R: cs, PR; that is, 
As the Sine of the Altitude 12.30.00 — — — 9.3353368 


To the Sine of the Declination 19.39. 10] — —9 5267557 
So is the Co-ſine of the fourth Arch 5 1.05.587 ——9.7979380 


To the Co- ſine of the fifth Arch x 2.397.585 —— —9.9893569 


——— — 


But Z R- REZ P, that is, the fourth Arch 51 deg. os 
min. 58 kc. #, leſſened by the fifth Arch 12.3 7.585, will leave 38 
deg. 28 min. oo ſec. for Z P, which taken from 90 Degrees, will 
leave 51 deg; 32 min. oo ſec. for P O the Latitude North. 

And for the Declination, it will be by the 1ſt Caſe of Oblique, &c. 


: 6 W p 2 


Given the Latitude of the Place, the Altitude of the Sun, and 
the Hour of the Day, to find the Sun's Aximuth, and his Declina- 
non. 21 re — AGREE . f 


OO „ 

In the Latitude of 53 deg. 32 min. oo ſec North, at 30 minutes 
after Three in Afternoon, the Sun's Altitude was found to be 38 
deg · 18 min · 46 ſec · +: I demand the Suns Azimmmh and Deck- 


"Ration. 
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| The Stereographic Solution. 

1. Having drawn the Meridian | 
70NH, the Horizon HO, and at 
Right-angles to it the Prime Vertical 
Z N. ſet off the Latitude 5 1 deg. 32 
min. oo ſec. from O to P, and draw 
the Six a Clock Hour Circle P S, and 
at Right-angles to it the Equator 4. 


2. Thro* the Point P, draw the 
Hour Circle POS, forming an Angle 
Z PO of 52 deg. 30 min oo fec. equal 
to the Time from Noon, with the | 
Meridian ZO NH, by Caſe the 3d of Problem the 9th of Section 
the 2d. : 

3. About the point Z as a Pole, at the diſtance of 51 deg. 41 min. 
t; fec. + the Complement of the Sun's Altitude, dra the Patal- 
lel 4 © mn, by Caſe the 2d of Problem the 4th of the ſame Section, 
where this cuts the Hour Circle before drawn in O, it will give the 
Place of the Sun. | | Fx 

4 Thro' the point © and the Zenith and Nadir, draw the Ver- 
tical Circle Z © N, and the thing is done; and P © the Comple- 
ment ot the Sun's Declination, may be meaſured by Caſe the 3d of 
Problem the 7th,” of Section the 24, and the Angle Z the Azimuth, may 
be meaſured by Caſe the ad of Problem the 10th, of the ſame Sion. 
1 Logarithmically, or by Calculation. 

In the Oblique-angled, &e. Z 5 O are given, Z P the Comple- 
ment of the Latitude, Z© the Complement of the Altitude, and 
the Angle P the Hour from Noon, hence to find 1 P ©, it will 
be (having firſt let fall the Perpendicular Z N by the 1/t Example 
of the 3d Caſe of Oblique- angled, &c. 

As R: cs, RP: : t, Z P:t, PR; that is, 

As the Radius ——ů— —— -——10.0000000 


— 


To the Co-line of the Hour $2.30.00 TEL TIT TITER 97844471 
So is the Co- tangent of the Latitude 51.3 2. 00 — 9. 9000865 


To the Tangent of a fourth Arch PR 25. 22 
222222 ar 
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And again, As cs, Z P: cs, Z O:: cs, P Rs, O R; that is, 
As the Sine of the Latitude 51.32.00 ——————9 893745 2 


— — Oo 


| To the Sine of the Ahitude 38.18.46 —— 97923608 


So js the Co-line of the fourth Arch 25.48.39 —9.9543566 
/ To the Co-ſine'of a fifth Arch 44.32 107 * — 9.85 29722 


But P, RLG R equal 10 P ©, that is, the fourth Arch 25 dep. 
48 min, 39 ſec. added to the fifth Arch 44 deg. 32 min. 10 ſec r, 
will give 0 deg. 20 min. 49 ſec. + for P ©, which taken from go 
Degrees, will Jeave 19 deg- 39 min. 10 ſec· ; for the Sun's Declina- 
tion North; whence to find the Azimuth or Angle at P, it will be 
by the 1ſt Caſe of Oblique, &c. | 
As S. Z O: S. P O: : S. OP: S. ; that is, 
As the Co- ſine of the Altitude 38.18.4554 —— —— 9.946686 
To the Co-ſine of the Declination 19.39.10 9.979342 
So is the Sine of the Hour 52.30.00—— — — 9.899466 


——— 


To the Sine of the Azimuth 72.12.54 — — 9.97873 23 
Which is South Weſterly... 


Or the Azimuth might have been ſound directly, by the 4th Caſe 
of Oblique-angled Spherical Triangles, | and thence the Declination, by 


the 1ſt. ASS, ICED 
a * the Altitude of the Sun 15 greater than the Latitude of 


the Place the Caſe is not limited, and admits of two Axſwers, as the 
following Example will make appear. | 


Prob. VI. 

Caſe 8. 

Example 2. 
In the Latitude of r3 deg 30 min. oo ſec. North, the Sun having 
60 deg. 30 min. oo ſec. of Altitude at Two of the Clock in the 


Afternoon. I demand the Azimuth of the Sun, and his ogg 
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The Stereographic Solution. 


r. Having drawn the Meridian 
20 NH; the Horizon HO, and at | 
Right-angles to ir the Prime Vertical A 2 


Z N, ſer off the Latitude of the Place 

13 deg...30 min. oo ſec from O to ? 27 | 

and draw the Six a Clock Hour Cir- | \ AF 
O 


cle PS, and at Right- angles to it the 
Equator 4 

T Tüte Atte Pole P draw the fl 
Hour Circle P © $, forming an An- . 
gle of zo deg. oo min. oo ſec. (equal 
to the Hour from Noon) with the 
Meridian, by Caſe the 3d of Problem N 
the gib, of Section the 2d. 

3. About the Zenith Z draw the Small Circle m O © z, at the 
diſtance of 29 deg. 30 min. oo ſec, the Complement of the Sun's 
Altitude, by Caſe the 24 of Problem the 4th of the ſame Section. 

* 4. Thro* the Interſections © and ©, of this Small Circle, with the 
Hour Circle before drawn, draw the Vertical Circles Z DN, ZON, 
and the thing is done; and P ©, O, the Complements of the Sun's 


2 


Declination, may be meaſured by Caſe the 3d of Problem the: 7th of 


Section the 2d, and the Angles PZ ©, PZ ©, the Azimuths, may 
be meaſured by Caſe the zd ot Problem the 10th, of the ſame Section. 

That this Caſe is doubtſul, and admits of two Auſwers is manifeſt, 
from the 3d and 47h Caſes of Oblique-angled Spherical Triangles, and 
from the Conſtruction, and therefore to find firſt the Declination, it 
will be by the 3d Caſe of Oblique, &c. having firſt let fall the Per- 


pendicular OR. | wail 
As the R: s, : t, PZ t, PR; that is, 
As the Radius: — —d'x—— 10. 


Jo the Co- ſine of the Hour from Noon 30.00.00 9. 937 5 306 
So is the Co-tangent of the Latitude 13.30-00 10.6 196463 


To the Tangent of a fourth Arch 74.30.20 ———10.5 571769. 
Again 
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Again, cs, Z P: cs, Z O: : cs, PR 10 s, OR; that is 


As the Sine of the Latitude 13.30.00 -—— —9.3681853 
To the Sine of the Altitude 60:30.00 — 9.93 96968 


So is the Co- ſine of the fourth Arch PR 74.00.20—9 4267469 
To the Co-ſine of a fifth Arch © R 5.07.30—————9.9982584 


Now RTO R=P ©, that is, if to PR the fourth Arch 74 deg. 
30 min. 20 ſec, be added © R the fifth Arch 5 deg. 07 min. 40 ſec: 
the Sum 79 deg. 38 min. oo ſec. taken trom 9o Degrees, will leave 
10 deg. 22 min. oo ſec. for one Declination North. 

Again, If from P R the fourth Arch 74 deg. 30 min. 20 ſec. be 
taken QR the fifth Arch, the Remainder P © equal to 67 deg. 22 
min. 40 ſec. taken from 90 Degrees, will leave 20 deg. 37 min, 20 
ſec. for the other Declination North. | : 

Whence to find the Correſpondent Azimuth, it will be 


As S. Z O: S. PO: 8. P: S. Zz; that is, 


As the Co- ſine of the Altitude 60.30.00 9.6923 388 
To the Co- ſine of the Declination 10.2 2.00 9.99285 22 
So is the Sine of the Hour 30.00.00 . 96989700 
To the Sine of the Azimuth 8712˙214—•—(Xͤ—8“—vſ 5.994834 
Anſwering to 10 deg- 22 min. oo ſec, North Declination. 
; And again, l 1 
As the Co- line of the Altitude 60.30.00 ——— 9,6923388 
To the Co · ſine of the Declination 20.37.20 —— 29712402 
So is the Sine of the Hour 30.00.00 —— — 9.698 9700 
4 Wo ö by at ; f — 
To the Sine of the Azimuth 71.5 1-537 —— —— 99778714 
Anſwering to 20 deg. 37 min- oo ſec. North Declination. 


And becauſe the firſt of theſe Declinations correſponds pretty near 
to the 6th of April and the 15th of Auguſt, and the latter to the 1 * 
0 
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of May and the roth of Fuh, it follows, that at Barbadves upon each 
of theſe times the Sun has the ſame Altitude at the ſame Hour, that 
is at two Hours from Noon the Sun has 60 deg. 30 min. of Alti- 
tude, but on the two firlt Days, viz. the 6th ot April and the 15th 
ot Auguſt, his Azimuth in the Afternoon is North 87 deg, 12 min. 
25 ſec. Welt, or Weſt a quarter North nearly, and in the Morning 
North 87 deg. 12 min, 21 ſec. Eaſt, or Eaſt a quarter North nearly; 
but on the two latter Days, viz. the 12th of May and the 16th of 
July, his Azimurh in the Afternoon is North 71 deg. 51 min. 52 
ſec; + Weſt, or Weſt North Weſt a quarter Weſt nearly, but in the 
Morning it is North 71 deg. 51min. 52 ſec. Eaſt, or Eaſt North Eaſt 
a quarter Eaſt nearly. 


| Prob. VI. 
"Cafe 9 


Given the Latitude of the Place, the Altitude of the Sun, and his 
Azimuth, to find the Declination and the Hour of the Day. 
Example. | | 
In the Latitude of 51 deg, 32 min. oo ſec- North, the Sun 
baving 38 deg- 18 min. 46 ſec. 3, his Azimuth at that time was 


found to be South 72 deg, 12 min. 54 ſec. Eaſt, Idemand the De- 
clination of the Sun, and the Hour of the Day. 
| The Stereographic Solution. 
1. Having drawn the Meridian | 
ZONH the Horizon HO, and at 
Right: angles to it the Prime Vertical 
Z N ſet off 51 deg. 32 min. the La- 
titude from O to P, and draw the Six 
2 Clock Hour Circle P S, and at 
Right- angles to it the Equator 4 Q. 


2. Thro' the Zenith Z dra the Ver- 
tical Circle Z © N, forming an Angle 
of 72 deg. 12 min. 54 ſec. with the 
Meridian, by Caſe the 34 of Problem 
the 9th, of Section the 2d, and layoff. 
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51 deg. 41 min. 13 ſec. 4, the Complement of the Sun's Alritade, 
in it from Z to ©, by Caſe the 3d of Problem the 6th of the ſame 
* then will 0 repreſent the Place of the Sun. 1 
Three the Poles P and 5, and the point ©, draw the Hour 
Circle P © S, and the thing is done ; ; and the Angle P the Hour from 
Noon, may be meaſured by Caſe the 2d of Preblem the 10th of Sec- 
tion the 2d, and PO the Complement of the Sun's Neclination, may 
be meaſured by Caſe 3d of Problem the th, of the ſame Sli. 
Logarithmically, or by Calculation 

In the Oblique-angled Spherical Triangle E © are given, Z P 
the Complement of the Latitude, P © the Complement of the Al- 
titude, and the 8 Z the Azimuth, whence to find the Angle 
P the Hour from Noo having firſt let fall the Perpendicular RO 
it will be, by the 2d Example of the geh Caſe of Oblique, &c. 


As the R: cs, A: tt Z ©: t,. Z R; that is, 
As the Radius 10 2000000 


To the Co- ine of che Azimuth 72.1 2.54 —— * 345 
So is the Co tangent of the Altitude 38-18. 467 10. 1023077 


To the Tangent of a fourth Arch 31,08.08 — 9 5872422 


But ZR+L P=PR; "dy is, if to the fourth Arch 21 deg 08 
min. od ſec. be added the Complement of the Latitude 38 dos 28 
min. oo ſec. the Sum 51 deg. 36 min. 08 ſec. will give a fifth Arch 
P R; wherefore, 

AstheS:PR:S.ZR: tit, Q: t, Op; that is, 


As the Sine of the fifth Arch $9:36.08= — =9:9357759- 
To dds Sine of the tourth Arch 21.08.08 9.556965 
So is che Tangent of the Azimuth . "0% —— 0. 4937989 


To the Tangent of the 3 115015 
eck reduced. into Time and taken from twelve Hour will 


gie 8 h. 30 m. oof for the Hour in the Mang, becauſe the 
Lend ma Bakery, 

gain, by the 2d Exanple,of the 100 Cafe. of ou, &c. 

5 As 


to fin the Declination, it will be 
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As the c, Z R: cs, PRIw (s, C. O: O; that is, 
As the Co- line of the fourth Arch 21-08. O08 ——— . 9697559 


To the Co-five of the fich Arch 59.36. wet — 8. 7041 508 
So is the Sine of the Altitude ne —7os 


To the Sine of the Declination 1 9. 3 9. 104 AA —9. 5267557 
the. Hour being firſt ahead the Declination might have 


2 Lo by the firlt, Caſe of STR &c. or the Declination be 
e the Har Fugat have been ipveltigated, by the ſame 2 
RS: Prob. Vi. 
ei 2 s - Gaſe 10 


Given the Latitude of the Place, the Hour of the Day: and Azi- 
muth of the Sun, to find the Sun's Altirude, Declination, and the 
AWE! formed by the Vertical and Hour Circle paſſing thro' che Sun. 


| Exanple. 

In the Latitude of 51 deg. 32 min- oo ſec. at 3h. 30 m. 861 in 
the Afternoon, the Sun's Azimuth was found — be South 72 deg. 
12 min. 54 ſec- Weſt · I demand his Altitude, his Declination, and 
the wh ormed by the Vertical and Hour Circle paſing thro the 


Sun, 


, 


The Stereographic Solution 


1. Having drawn the Meridian 
20 NH, the Horizon HO, and at | 
Right-angles to it the Prime Vertical- © 
Z 2 ſet off the Latitude 31 deg- 32 
min · oo ſec. from O to P, 4 draw - 
the Six a Clock Hour Circle P S. = * 


182K * & 


A This the Pole. P N the RO PE 
Hour Circle POS, forming an Anj- 
gle with the Meridian of 52 deg. 30 
min. oo ſec. by Caſe the 3d of Fro- 
A Aazaaa 


* 
- 
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bem the 9th of Seffion the 2d; alſo thro? the point Z draw the Ver- 
tical Circle Z © N, forming an Angle with the Meridian of 72 deg, 
12 min. 54 fec. by the ſame, and the thing is done; and the Comple- 


ment of the Altitude Z ©, may be meaſured by Caſe the 3d of Pro- 
ziem the 7th of Section the 24, and P O the Complemetit of the De- 


clination, may be meaſured by the ſame Caſe. 


Logarithmically, or by Calculation. 


In the Oblique-angled Spherical Triangle Z P © are given, 2 P 


the Complement of the Latitude, the Angle Z the Azimuth, and 
the Angle P the Hout from Noon, whence to find Z © the Com- 
plement of the Altitude, it will be (having firſt let fall the Perpendi- 
cular Z R) by Caſe the 8th ot Oblique, &c. ; 


As the R: cs, Z P: t, <P-: c t, P Z R; that is, 
As the Radius- | — — — — 1o. ooo 


To the Sine of the Latitude 5 1.3 2.00 ——— ——9.8937452 


So is the Tangent of the Hour 52.32.00 —— — 10.1150195 


To the Co-tang. of the Q R or a 4th Arch 44-25.185 10.00876 47 
But the Angle P Z Op 2 R=O Z R, that is, if from the Azi- 


muth counted from the North 107 deg. 47 min. os ſec. be taken the 


fourth Arch or Angle P ZR 44 deg. 25 min. 19 ſec. 5, there will 
remain a fifth Arch or the Angle © Z Rs; deg. 21 min. 47 ſec. 4; 


where fore, | | 
As cs, GQ ZR: cs, PZR: ; t, PZ t, O Z; that is, 


As the Co- ſine of the 57h Arch or R 63. 21.474 —9.6516 * 


To the Co · ſine of the 47 Arch or<PZR 44.25. 182—9.85 38233 
So is the Go-tangent gf the Latitude 5 1.32-00 ——9g.g000865 


To the Co- tangent of the Aleitade 38.184653 —— 10. 1023077 


| Whence to find the Declination, it will be by the firſt Caſe of 
Oblique, &c. | N 


"IS As 
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As the S. <P: 8. Z: 8. Z 0:8. 5 0; thatis, _ 
As the Sine of the Hour 5 2. r — —98994667 


T o the Sine of the Azimuth 72.1 2.54 3 97873 25 
80 is the Co- ſine of the nenn 38. 18-46+ — 8946686 


OO — ——— 


To the cone of the Declination 15 39. 101 — 


— .  __ 


And to find the Angle Z © P, formed 'by the Azimuth and Hour 
Circle paſſing thro' the Sun, uſtially called — Angle of Poſition, it 
will be by the 1/ Example of the 7e Caſe of Oblique, &c. 
As the S. <P Z R: S. DZ R:: c, Opp: cs, < ©; that is, 
As the Co- ſine ot the PZR or ath Arch 44.25. 181—9. 8450583 


— — ——_—_ 


To the Sine of the ZR or 5th Arch 63. 21.471 ——9.9512724 
so is the Co- ſine of the Hour from Noon 52.30. 9.784441 


—— — 


To the Co-ſine of the Angle of Poſition ZOPpP 38. 58. 27 9.8906612 


— —— — . — xp 9 — ꝓ 4 


Or the Altitude being found, the Angle of Poſition might have 
been found by 977 che I big org. MD [? 


Prob. VI. 
2 Caſe 11. 


Given the Latitude of the Place, the Hour of the Day, and the 
Angle formed by the Azimuth and Vertical Circle paſſing 'thro? the 
Sun or Angle of Poſition, to find the 1 of the Sun, his A* 
muth and preſent Declination 


Example. 
In the Latitude of 5 1 deg. 32 min. oo ſec. North, at 3 h. 30 m. 


in the —_— the Angle of Poſition was found to be 38 deg. 58 
min. 27 ſec. I demand the Altitude of the Sun, his 1 and 


the ſent Declination: | ob 
Anſwer. F 


The Altitude i is 38 deg. 18 min. 46 155 r, the Declination 19 
deg 39 min. 10 ſec. 1 Weſt, and the Azimuth South 72 deg. 12 
min. 54 ſec. Weſt. 


SS” 


Aaaaa 2 This 


= 
— e — 


7 Ab. va 75 
This Caſe conſidered as a Spee EO e 1s Ambiguous, b 
the 2d, o_ and 6th Caſe. of 0h Obhque-angled * herical Liomgles m. 
aſmuch as the Angle of Poſition is leſs than the Hour Angle at the 
Pole, but when conſidered as an Aſtronomical Solar Problem it is 
limited to one Anſwer only, becauſe to the leaſt: Azimuth from the 
Meridian. which. is South 18 deg. 56 min, 28 ſec. Weſt, the Zenith 
diſtance will be 128 deg. 18 min. 46 ſec. 2, that is, the Sun will 
be depreſſed 38 deg- 18 min. 46 ſec, 5 below the Horizon, and his 
diſtance from-the North Pole il be 161 deg. 16 min. 28 ſec. 5, 
that is, the Declination will be 71 deg, 16 min. 28 ec. ; ane 

which is man. | 


20 TC , 


Prob. vi 


cal. 12. 


| Given the Sun's Declinarion, the Hour of the Day, and the ** 
gle of Poſition, to find the Sur $ 0 55 his Azimuth, * * 
tude of the Place. 


Example. 


The Sun ne 19 deg. 39 min. 10 ſec. 2 North N at 
3 h. 30 m. in the Afternoon, the Angle of Poſition was found to be 
38 deg. 58 min, 27 ſec. I demand the Altitude of the Sun, his 
Azimuth, and the 1 titude of che Place of Obſervation. | 


tofu Wer. 


The Altitude of the San is 38 deg. aa min. 46; oh 4 the Azi- 
muth South 72 deg- 12 min. 54 Welt, and the Latitude of FANG 
Place of Obſervation 51 deg. 32 min. oo ſec. North. . * 


Prob. VI. 


Caſe 13. 


Given the Altitude of the Sun, the Hour of the Day, and- the 
Angle of Poſition, to find the Sun's Declination, his Azimuth, and 


the Latitude of the Place of Obſervation, . 


© Aftronomical Problem 
* 


? 03 9 
| Example. 
The Sun having 38 deg. 18 min: :46 ſec; 4 of Altitude, at 30 mi- 
nates paſt Eight in the F orenoon, the Angle of Poſition was found 
to be 38 deg. 58 min. 27ſec. I demand the Sun's: Azimuth, his 


Declination, and the Latitude of the Place of Obſervation. , 


Anſwer, _ 


The Sun's Azimuth is South 72 deg. 12 min. 54 ſec. Eaſt, his 
Declination is 19 deg. 39 min. 10 ſec. 2, and the Latitude 5 1 deg, 
32 min. oo ſec. but whether North or South is not ſufficiently li- 


mited by the Data in the. Queſtion. 
Prob. VI. 


Caſe - 14. 
| Given the Hour of the Day, the Azimutlrof the Sun, and the 
Angle of Poſition, to find the Sun's Altitude, his Declination, and 
the Latitude of the Place of Obſervation. | 

Example. 
At zo minutes paſt Three in the Aftemoon, the Sun's Azimuth 
was found to be South 72 deg. 12 min. 54 ſec. Weſt, at the ſame. 


time that the Angle of Poſition was 38 deg- 58 min. 27 ſec. I de- 
mand the Sun's Altiude, his Declination, and the Latitude of the 
Place. * Nn 
The Sun's Altitude is 38 deg. 18 min. 46 ſec, 4, his Declination 
19 deg. 39 min. 10 ſec. North, and the Latitude of the Place 51 
deg. 32 min. oo ſec. Weſt N 


Prob. VI. 


x Caſe 15. 1 
Siren the Latitude of the Place, the Declination of the Sun, and 
the Angle of Poſition, to find the Sun's Altitude, Azimuth, and 
Hour of the Day: " | 1 


374 Aſtronomical Problems. 


Example. 

In the Latitude of 51 deg- 32 min. North, the Sun having 1 19 
deg. 39 min · 10 ſec. { North Declination, the Angle of Poſition is 
found to be 38 deg. 58 min. 27 ſec. I demand the Altitude of the 
Sun, his Azimuth, and the Hour of the _ | 


Anſwer. 

This Caſe is Ambi ; and the Altitude of the Sun may be 38 
deg. 18 min. 46 ſec. 2, — his Azimuth will be South 72 deg. 12 
min. 54 ſec. Weſt, and the Hour 3 h. 30 m. if the Sun be in the 
Weſtern Semicircle, but if the Sun be in the Eaſtern Semicircle the 
Azimuth will be South 72 deg. 12 min. 54 _ Eaſt, and the Hour 
8 h. 30 m. in the Morning. 

Again, the Sun's Altitude may be 11 deg. or min. 5 5 ſec. £ 
when his Azimuth will be 72 deg. 12 min. 54 ſec. Eaſt or Weſt, ac- 
cording as the Sun is in the Eaſtern or Weſter Semicircle, and the 
Hour will be either 9h. o min. 46 ſec: # in the Morning, or 2 h. 
58 m. 13. 2 in the Afternoon. 


Prob. VI. 


Caſe 16. 
3 the Latitude of the Place, the Altitude of the 801 and the 
Angle of Poſition, to ſind the Sun's Azimuth, his Declination, ang 
the Hour of the Day: | 
Example. 


In the Latitude of 51 deg- 32 min. the Sun having 38 deg. 18 min. 
6 ſec. # of Altitude in the Morning, the Angle of Poſition at the 
Fa me time being 38 deg. 58 min. 27 ſec. I demand the Azimuth of 


the Sun, his Declination, and the Hour of the Day. 
Anſuer. 
The Sun s Declination is 19 deg. 39 min. 10 ſec. ? North, his 


Azimuth South 72 deg. 12 min. 54 ſec. Eaſt, and the Time 8 h. 
30 f. in the Forenoon- 

Altho this Caſe is doubtful conſideted as a Spherical Trian e, yet 
it is limited as a Solar Problem, becauſe the other Anſwer the 
Sun's Declination to be 71 deg- 16 min. 28 ſec. + North, which is 


impoſlible. Prob. 
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Prob. VI. 


Caſe 17. 
Given the Sun's Azimuth, his Altitude, and the Angle of Poſition, 
to find the Sun's Declination, the Latitude of the- Place, and the 
Hour of the Day. | | 


| Example. 
The Sun having 38-deg. 18 min. 46 ſec. + of Altitude in the 
Morning, his Azimuth was found to be South 72 deg: 12 min. 54 
ſec. Eaſt, and at the ſame time the Angle of Poſition was 38 deg. 58 
min. 27 ſec, I demand the Declinaticn of the Sun, the Latitude of 


the Place, and Hour of the Day. 
The Declination of the Sun is 19 deg- 39 min. 10 ſec. 5 North, 


the Latirude of the Place is 51 deg. 32 min. and the Hour of the 
Day is 8 h. 30 m. in the Forenoon. 


Prob. VI. 


Caſe 18. « 
| Given the Sun's Declination, his Azimuth, and the Angle of Po- 
ſicion, to find the Altitude of the Sun, the Latitude of the Place, 
and Hour of the Day. ch 
Example. 
The Sun having 19 deg. 39 min. 10 ſec. 1 North Declination, 
his Azimuth was found to be South 72 deg. 12 min. 54 ſec. Weſt; 


and at the ſame time the Angle of Poſition was 38 deg. 58 min. 27 
ſec. I demand the Latitude of the Place, Altitude of the Sun, and 


Hour of the Day. | 
Anſwer. 


The Latitude is 51 deg. 32 min. North, the Altimde is 38 de, | 
18 min. 46 ſec. , and the Hour 30 minutes paſt Three in the Afrer? 


noon, 
Prob, 


% 
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Prob. VI. 
Given the Sun's Declination, his, Altitude, and the Avgle of Po. 


tion, to find the Sun's Azimuth, the Latitude of the, P | 
Hour of the Day. f e a8 


Es . Example. | | 

The Suri having 19 deg. 39 min. 10 ſec: North Declination, his 
Altitude in.the Weſtern Semicircle was found to be 38 deg. 18 min. 
46 ſec. 2, and at the ſame time the Angle of Poſition was 38 deg. 
58 min. 27 ſec. I demand the Latitude of the Place, the Azimuth 
of the Sun, and the Hour of the Day. | 2 att] 

The Latitude of che Place is 51 deg. 32 min. North, the Azimuth 
72 deg. 12 min. 54 ſec; Welt, and the time 3 hours 3o min. in 
the Afternoon. ee | 1 


Prob. VI. 


Siren the Latitude of the Place, the Azimuth of the Sun, and 
the Angle of Poſition, to find the Sun's Altitude, his Declination, 
and the Hour of the Day. | 20 90H bffs 
In the Latitude of 51 deg. 32 min. North, the Sun's Azimuth 
-was found to be South 72 deg. 12 min. 54 ſec. Weſt, and at the ſame 
time the Angle oſ Poſition was 38 deg. 58 min. 27ſec. I demand 
the Altitude of the Sun, his Declination, and the Hour of the Day. 
This Caſe tho? doubtful as a Caſe in Spherical Triangles, yet it is li- 
mited as a Solar Problem, e Anſwer is as follows, 

The Sun's Altitude is 38 deg. 18 min. 46 ſec. 2, his Declination 
19 deg. 39 min. 10 ſec. ? North, and the Hour 30 minutes paſt 

Three in the Afternoon. * nm 8 
From 


114 


ran 
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From what has been ſaid it is very manifeſt, that in every Caſe 
where any two of the Data are oppoſite one to the other, that the 
Caſe is limited or not limited, according as the Quantitys of the 
Parts when compared amongſt themſelves are greater or leſier the one 
than the other, and that the fame Problem that is doubtful, when 
conſidered as a Spherical Triangle, is ſome times limited when it 
becomes a Solar Problem, upon account of the Limitation of the Sun's 
diſtance from the Pole, and his Altitude or Depreſſion above or 
below the Horizon; and that the ſame Problem which is limited 
with regard to the Sun, is unlimited when applicd to the fixed Scars, 
as will appear hereafter ; and theſe are Things that the Reader 
ought to be very well acquainted with. 


Prob. VII. 


Two unequal Altitudes of the Sun being given, together with 
the Declination of the Sun, and the Difference of time between the 
Obſervations, to find the Azimuth of the Sun, the Hour of the Day 

and Latitude of the Place of Obſervation. | 


Example. 


The Sun having 19 deg. 39 min. o ſec. 5 North nn 
his Altitude in = Forenoon was found to be 38 OE _— 
ſec. 2, and at the End of an Hour and a half the ſame Morning, the 
Altitude was found to be 50 deg. 24 min. 49 ſec · . I demand the 
Sun's Azimuth, the Hour of the Day at each Obſervation® and 
the Latitude of the Place. , 

| The Stereographic Solution. 

1. Having -drawn. the Meridian 
PQ $4, the Equator 4 Q, and at E 
Right-angles to it the Six a Clock 
Hour Circle P S, about the Pole P, 
at the diſtance of 7o deg. 20 min. 
49 ſec. 3, the Complement. of the 
Sun's Declination, deſcribe the Small A 
Circle C Om, by Caſe the 2d of Problem 
the 4th, ot Section the 2d. 


2. Thro' the Pole P, draw the 


Hour Circle Y OS forming an Angle 
. 
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of 22 deg. 30 min equal to the Difference of Times between the 
Obſervations, by Caſe the 3d of Problem the ↄth of Section the 24, 
then will © and O repreſent the two different Places of the Sun, at 
the different Times of Obſervation. 

3 About the point © at the diſtance of 51 deg. 41 min. 13 ſec. x, 
the Complement of the leaſt Altitude, deſcribe the Small Circle EZ, 
by Caſe the 24 of Problem the 4th, of Section the 2d. | 

Alſo about the point © deſcribe the Small Circle OZ, at the 
diſtance of 39 deg. 35 min. 10 ſec. à, the Complement of the great- 
eſt Altitude, by Caſe the 3d of the ſame Problem, to interſect the for- 
mer Circle in Z. YN 1 | 

4. Thro' the points Z and P, and Z and ©, and Z and O, and 0 
and O, draw the great Circle Z P, Z O, 20, and 0 ©, by Pro- 
blem the 1/t of Section the 2d, and the thing is done; and the Angle 
Z PO, and Z P O, the Times from Noon when each Obſervation 
was made, may be meaſured by Cafe the 24 of Problem the 1oth, of 
Sellion the 2d, the Angles P Z 0, P ©, the correſpondent Azi- 
muths from the Meridian may be meaſured by Caſe the 3d of the 
ſame Problem, and the Arch Z the Complement of the Latitude, 
may be meaſured by Cafe the 3d of Problem the 7th of the ſame Sed. 

As the Projection of the Sphere upon each particular Plane, has 
its peculiar Advantage, ſo this Problem is very eaſy and naturally re- 
preſented upon the Plane of the Equator, after the following man- 
ne) | | > 5 J a 


1. Having drawn the Equator 
m NA, with the Semi-tangent of 
70 deg. 20 min. 49 ſec.;, the Com- 
plement of the Sun's Declination, 
about the point p as a Center and 
Pole, draw the Small Circle O O, 
and make the Angle Op O, equal to 
22 deg. 30 min. equal to the diffe- 
rence of Times between the Obſer- 
vations, then will the points O and 
N ö © repreſent the Place of the Sun at 
4 the two different Times of Obſer- 
2 vation. 
b 2. At 
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2. At the diſtance of 51deg. 41min. 13 ſec. the Complement of 
the Sun's leaſt Altitude, about the point © as a Pole, draw the 
Small Circle OZ, by Caſe the 3d of Problem the 4th of Section the 
2d, and about the point O at the diſtance of 39 deg. 35 min. 10 
ſec. 5, the Complement of the greateſt Altitude, deſcribe the Small 
Circle O Z by the ſame, and thro? the Interſection Z and the Pole p, 
draw the Meridian m Z p N, and the thing is done; and the Angles 
Z O, andp Z O, the Azimuths from the Meridian, may be mea- 
ſured by Caſe the 3d of Problem the 10th of Section the 2d, and the 
Angles Z pO and Zy © the times from Noon, may be meaſured by 
the Line of Chords, and the Arch p Z the Complement of the Lati- 
tude may be meaſured by the Line of Semi- tangents. 


Logarithmically, or by Calculation. 


Having let fall the Perpendicular p R, in the Spherical Triangle 
P © R Right-angled at R are given, p © equal to the Complement 
of the Sun's Declination, the Angle Op R equal to half the Diffe- 
rence of the times ; whence, | 


1/t To find the Angle p OR, it will be by the 34 Caſe of Righe- 
angled Spherical Triangles, x 
As R cs, Op: :t, OR: ct, p R; that is, 
As the Radius — — 10.0000000 


To the Sine of the Declination 19.39 10. — 9.5267557 
So is the Tangent of? Difference of the Times 11.15 9.2986618 


— — — — 


To the Co-tang. of <p OR, ora 4th Arch 86. 10. 21—8.8 254175 


24, To find the Arch © R, it will be by the 5th Caſe of Right- 
angled Spherical Triangles, 
As R: S. p O:: S. OR: S. © R; that is, 


As the Radius — ——10.0000000 

To the Co- ſine of the Declination 19.39.10 — -9-9739342 
So is the Sine of the half Diff. of the Time 11.15 — 9.2902 357 

To the Sine of a fifth Arch & ® 10.35-124h>——>——9.2641699 


Bbbbbz e 
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Which being doubled becauſe the Triangles O p R and Op R are 
equal, will give 21 deg. 10 min. 25 ſec. 4, a ſixth Arch, for the 
length of the Arch O ©, or diſtance between the Sun at the two dif- 
ferent Times of Obſervation. Wherefore, | 
3. In the Oblique-angled Spherical Triangle, OZ © are given, 
Z O equal to 39 deg. 35 min. 10 fec- 5, the Complement of the great- 
eft Altitude, Z © equal to 51 deg. 41 min? 13 ſec. 3, the Comple- 
ment of the leaſt Altitude, and the Arch O equal to 21 deg. 10 
min. 25 fec-5, whence to find the Angle Z© © (by the 11th Caſe 
of Oblique, &c.) having added the three Arches Z O, Z ©, and O © 
rogether, and from half of their Sum 56 deg. 13 min. 24 ſec. 2, ha- 
ving taken away the Arch Z O equal to 39 deg. 35 min. 10 ſec. 3, 
to find the Difference 16 deg. 38 min. 14 ſec. 4.) | 
To the Arithm. Complement of the Co- ſine of the leaſt ? 
Altitude 38. 18.463 — 4 ens 
Add the Arithm. Complement of the Co- ſine of the * 
ſixth Arch O D 21.10. 2 54 A565 
Alſo the Sine of the half Sum 56.13.24 Xl. —9. 9197119 
And the Sine ot the Difference 16.38. 144—— 94568396 


79. 9241306 


% 


Half the Sum of theſe four Sines will give rhe Co-ſine 
23.57.57 5 A= Ty? e 


1 


— 


Which being doubled will give 47.1 1.544 


for a ſeventh Arch or the Angle Z © 0. 

But the Angle p © O-<L © OZ Op; that is, if from the 400 
Arch p OO equal to 86 deg. 10 min. 21 ſec. 5, be taken away the 
ſeventh Arch or Angle Z © O, equal to 47 deg. 11 min. 54 ſec. 2, 
there will remain 38 deg. 58 min. 26 ſec. 5 for an eighth Arch, or 
the Angle of Poſition Z © p, wherefore in the Triangle Z p © are 
given, Z © the Complement of the leaſt Altitude 5r deg. 41 min. 
13 ſec. &, the Arch p © the Complement of the Sun's Declination, 
equal to 70 deg. 20 min. 49 ſec. 3, and the Angle of Poſition p& Z 
equal to 38 deg. 58 min. 26 ſec. 7 ; whence 

4th, To find the gib Arch Or, (a Perpendicular having been firſt 
let fall from Z upon p C) it will be by the gth Caſe of Oblique 
Spheric, or the 4th Caſe of Right-angled Spheric. — 

S 


— 9.9620698 
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As R: cs, Z Op: : t, Z Ot: t, OR; that is, 


As the Radius — — 10:002000008 
To the Co- ſine of the Angle Z © p 38.58.26 9. 8906614 
So is the Co- tangent of the leaſt Altitude 38.18.46 — 10. 1023077 
To the Tangent of a 9th Arch © R 44.32 107 9.9929691 


But p ©—RO=p R ; that is, if from the Complement of the Sun's 
Declination 70 deg. 29 min. 49 ſec. q, be taken RV equal to 44 deg. 
2 min. 10 ſec. 4, there will remain 25 deg. 48 min. 38 ſec. 4, for 
the length of pra 1oth Arch, whence to find the Complement of 
the Latitude Z p, it will be by the 10th Caſe of Oblique Spheric, 
As cs, OR:c$s,Pr::cs,£© :cs, 29; that is, 


Vs the Co- ſine ot the ninth Arch 44.3 2.105 — 9.8529722 
Io the Co- ſine of the tenth Arch 25.48.3827 9.95 43368 
So is the Sine of the leaſt Altitude 38.18.46 ——9.7923608. 
To the Sine of the Latitude 5 1.32 ——9.8937454- 


Again, to find the time of the firſt Obſervation, it will be by the. 
- 9th Caſe of Oblique Spheric. | | 
o As S. Pyr: S. R: : t, CO: t, UP; that is, 
96388892 
To the Sine of the ninth Arch 44.3 2.104 —9.8 459410 
So is the Tangent of the Angle P © Z 38.58.26 9. 9079682 


As the Sine of the tenth Arch 25.48.3857 — 


10· 1150200 


— 


To the Tangent of the Hour 5 2.30 


Which reduced into Time and taken from twelve Hours, becauſe 
the Obſervaiion was made in the Forenoon, gives 8 h. 30 m. for 
the time of the firſt Obſervation in the Morning. 

And it to this time 8 h. 30 m. oo ſ. be added 1 h. 30 m. the diſſe- 
rence of time between the two Obſervations, the Sum 10 h. oom. 
oo ſ. will be the exact time in the Morning, when the 2d Obſer- 


vation was made. 5 
To find the Azimuth at the time of the firſt Obſervation, it will 


be by the firſt Caſe of Oblique Sher ic. As 


Aſtronomical Problems. 


As S Z O: S. p O: :S. p: S. Z; that is, 
As the Co- fine of the 1ſt Altitude 38.18.4634 ———— 9 8946686 


— — — — 
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To the Co-ſine of the Declination 19.3 9.10} — —  9.9739342 
So is the Sine of the Hour 5 2,32,00— — ——— 9.994667 


BY — — 
111 uu Oun—_sS 


To the Sine of the the Azimuth 72.12.54 ——9.9787323 


Again, to find the Azimuth at the ſecond time of Obſervation, 
it will be, a 
As S. Z O: S. p: : S. Op Z: S. p Z O; that is, 
As the Co-fine of the 2d Altitude 50. 24.494—. 9. 8043018 
16-4000 wle 
To the Co- ſine of the Declination 19 39.10 9.9739342 
So is the Sine of the Hour from Noon 30.00.99 —— 9.698970 


To the Sine of the Azimuth'at that time 47.38.24? — 9.868604 


Whence it is apparent that the Latitude of the Place is 31 deg. 
32 min. oo ſec. North, the time when the firſt Obſervation was made 
was Sh. 3om. oof. when the Azimuth was South 72 deg. 12 min. 
54 ſec, Eaſt, the time when the ſecond Obſervation was made, was 
10 h. oo m. oof. when the Azimuth was South 47 deg. 38 min. 
24 ſec, 25, and conſequently the difference of Azimuths is 24 deg. 


34 min. 29 ſec. 4. 


Prob. VII. 


Caſe 2. 


Given two different Altitudes of the Sun made the ſame Day, to- 
gether with the difference of the correſpondent Azimuths, and the 
Declination, to find the Hour of the Day when each Obſervation 
was made, and the Latitude of the Place. 


Example. 


The Sun having 19 deg. 39 min · 10ſec. 5 North Declinat ion, 
his Altitude was found to be 38 deg. 18 min. 46 ſec. 2 in the Fore- 
noon, and ſome time after it was found to be 50 deg. 24 min. 49 


ſec. 7, during which time the Sun had altered his Azimuth 24 deg. 
* 34 min. 
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34 min. 29 ſec. 4. I demand the Hour at each Obſervation, and 
the Latitude of the Place. : 


The Stereographic Solution. 


1. Having drawn an Azimuth Circle - 

ZO NH, the Horizon HO, and at 2 
Right- angles to it the Vertical Circle 8 
Z N. thro' the point Z draw the Azi- 
muth Circle Z , forming an Angle 
of 24 deg. 34 min. 29 ſec. à, with the 
Vertical Circle HZ O, equal to the 
difference of the Azimuths given. 


2. Set off the greater Altitude of 


the Sun from H to S, and the Comple- N 
ment of the leſlcr Altitude from Z to | 


©, by Caſe the 3d of Problem the 6th of Section the 2d, then will * 


and © repreſent the Place of the Sun at each Obſervation. 

3. About the points Sand © art the diſtance of 70 deg. 20 min. 
49 ſec. 4, the Complement of the Sun's Declination deſcribe the two. 
Small Circles, by Caſe the 2d and 3d of Problem the 4th, of Section 
the 2d, to interſect each other in the point P. 


4. Thro' the points P and Z, P and 5, P and O, & and ©, draw 


the great Circle M, PS, PO, S O, and the thing is done; and the 
Angles Z P., O, Z PS, the times from Noon, may be meaſured by. 
Caſe the 34 of Problem the roth of Section the zd, and the Angles 
PZS, PZ ©, the Azimuths, may be meaſured by Caſe the 2d of 
the ſame Problem; and the Arch Z P the Complement of the Lati- 
tude, may be meaſured by Caſe the 3d of Problem the 7th, of Section 
e 2d. m 

A due Conſideration of this Problem na- 
turally leads us to the Plane of the Hori- 
20x, for the moſt eaſy Solution, and which 


is after the following manner. . 


1. Having drawn the Horizon ON, 
with the Semi-tangent of 51 deg. 41 min. 
. x3 ſec. 3, and 39 deg. 35 min. 10 ſec. 3, 
the Complement of the greateſt and leaſt | 
Altitude of the Sun, about the point Z as 'N 
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a Center, draw the Small Circle n © p, and r $q, and make the 
Angle © Z 5, equal to 24 deg- 34 min. 29 ſec. 5, equal to the dif- 
ference between the obſerved Azimuths, then will the points S and 
O repreſent the two Places of the Sun, at the two different times of 
Obſervation. | | 

2. At the diſtance of 70 deg. 20 min. 49 ſec, 3, the Complement 
of the Sun's Declination, and about the points 2 and & as Poles, 
deſcribe the Small Circles © P, S, to interſe& each other in the 
point P, by Caſe the 3d of Problem the 4th of Section the 24, and 
thro” the Interſection P and the Zenith Z, draw the Meridian NV, 
and the thing is done; and the Angles ZPS, Z P ©, the times 
from Noon, may be meaſured by Caſe the 3d of Problem the 10th 
of Section the 2d, the Angles PZ ©, PZ S, the Azimuths from the 
Meridian, may be meaſured by the Line of Chords, and the Arch of 
the Meridian P Z theComplement of the Latitude, may be meaſured 


by the Line of Chords. = . 
Logarithmically, -or by Calculation. 
In the Oblique-angled Spherical Triangle SZ © are given, Z S, 
'Z ©, the Complements of the two Altitudes, together with the 
Angle SZ © the Difference of the Azimuths, whence to find the 
Angle Z O, it will be by the 9th Caſe of Oblique-angled Spherical 
Triangles, having firſt let fall the Perpendicular SR. 


As R: cs, SZ: :t;ZS:t, Z R; that is, 
As the Radius | — — —„ 0,,0009000 


— — — 


To the Co ſine of the Differ, of the Arches 24. 34.294 —9.95 87639 
+ So is the Co-tang. of the greateſt Altitude 50. 24.494 9:9174351 


— — 


To the Tangent of the fourth Arch Z R 36. 56.3 119.876 1990 


But Z O- z RERO ; that is, if from the Complement of the 
leaſt Altitude 51 deg. 41 min. 13 ſec. 2, be taken the 4 Arch Z R 
there will remain a 5% Arch R ©, equal to 14 deg. 44 min. 42 ſec. , 
whence to find the Angle Z © Sic will be, _ 


As 


As the Sine of the 5th Arch OR 14 44 4% 


* 


* 
+ 


4 Iſtrononical Problems 
We * | | * * =, * 

As 8. OR: S. ZR: :t,< OZS:t, Z 2; that is, 
94957207 


To the Sine of the fourth Arch ZR 36˙ 56' 31” 3 — 97788788 


Sois the Tang. of the Dif. of the Arches 24 34 29” #—-9.6602060 


Teo the Tang: of the <Z@Sa 6th Arch 41 35K 10.033 3641 


And again, As cs, ZR cs, OR 2 : C8, ZF:cs, 20 ; that is, 


To the Co fine of the 5th Arch 14* 44 42 — ——9.9854568 
So is the Sine of the greateſt Alt 50* 24' 49'5 —— 9.8868667 


— 


To the Co- ſine of a 7th Arch S@ 21" 10' 25"'3— 9:969643 9 


Or the Baſe of the Equicrutal Spherical Triangle POS; the half 
of which is 10 deg, 35 min. 12 ſec. , an eighth Arch or the Baſe of 
the Right-angled Spherical Triangle PSV, made by a Perpendi- 


- cular.P V, let fall from P upon the Side S O; wherefore, in the 


Spherical Triangle P ® Y Right-angled at Y are given, P O equal 


to the Complement pf the Sun's Declination, and © Y before found, 


whence to find firſt, the Angle © V half the Difference of the 


times between the two Obſervations, it will be by the 13:hCaſe of 


Right-angled Spherical Triangles, | ' 
8 0 As S. PO: R:: 8 OY: S. OV; that is, N 


To the Radius — 


So is the the Sine of the 8:h Arch OV 10. 35124 — 9.26419 


To the Sine of the Angle VP © 11.15.00 —=—g 2902367 


This being doubled, gives 22 deg- 30 min. oo ſec. for the whole 


Angle S P E, equal to 2 h. 30 m- oa: the Difference of the times 


between the two Obſeryations.” 


Again, to find the Angle P © Y of the ſame Triangle PO Y, it 
will be by the 12th Caſe of Right-angled Spherical Triangles. 


" ® 


* : * 1 


+> 
1 . 


99026796 


As the Co-fine of the Sun's Dcclination 19.39.10 — 99739342 5 1 


Cecc e As. 


x 


P "> 
„ 


mw *. 
N = 
7 


* 


- 
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* 


* 
As R ct, O P: ; t, O R „ f OR, thatis, K 
| As the Radius — — — 10.0 000,0,00 


— 


| To the Tang- of the Sun's Peclination 1 9-39-10} — 9.552827 


So is the Tang. of the 855 Arch © V10-35-1 24 9.271633 


To the Co ſine of a 9th Arch or <P© Y 86:10 214—8.8244490 


But the Angle.-P © Y—Angle Z equal to the Angle Z OP; 
that is, if from the th Arch or Angle P. O equal to 86 deg- 10 
min, 21 ſec. f, be taken the 6th Arch or Angle Z © S 47 deg. 11 
min. 55 ſec- 5, there will remain 38 deg. 58 min. 26 ſec. 3 for a 
10th Arch, or the Angle of Poſition P © Z, wherefore in the Sphe- 
rical Triangle P@Z are given, PD equal to 70 deg. 20 min 49 ſec 4 
the Complement of the Sun's, Declination, Z O, equal to 5 deg. 4! 
min. 12 ſec. z, the Complement of the Sun's leaſt Altitude, and the 

le of Poſition PZ equal to 38-deg. 58 min 26 ſec , whence 
to find the Angles OE and OZ pP, it will be by the 44h Axiom of 
Spherical Triangles in Section the 6th, IT * 
As cs, POS: cs, PO—ZO: : ct, CO: t. P Z. 
1 | l N 
As the Co- ſine of the 3 8um of the Sides PO, Z, 61.1. cf 9 6853381 


— 


To the Co- ſine of half their Difference 9-1 9.47, ——9:9942" 54 


So is the Co-tangent of half the Angle ©: 19 29. 3716— 10.451 646 


— — — 


To the T. of half the Sum of the Angles p- -Z80 · 8.33 10. 769 

And again, As S. PS Z S 8. Zz Oct, CO 
t, zx<sP+ 7. That is, es | * | HOT 

As the S. of half the Sum of the Sides PS, Z O, 61.1.13 9.941890 


1 


To the Sine of half their Difference 9. 19.475 2 9.2098361 


80 is the Co- tangent of half the Angle © 9.29.13. 4—10.45 1646 


— —— — 


To the Tang. of half the Diff. of the C.- 27. 38.33 9.719 fo 


Now 


euumienl Problens © 3, 
Now the half Sum 80 deg os min. 33 ſec added to the half 
Difference 27 deg- 38 min. 33 ſec. will give the Angle P Z & e- * 
qual to 107 deg. 47 min. o6 ſec. the Supplement of 72 deg. 
12 min. 54 ſec. the Azimuth from the South at the time of the 
Firſt Obſetvation, and this leflened by 24 deg. 34 min. 29 ſec. , 
the Difference of the two Azimuths, will give 47 deg. 38 min. 24 
ſec. 3, for the Azimuth at the time of the Second Oblervation. 
Again, if from the half Sum 80 deg. 08 min. 33 ſec. be taken the 
half Difference 27 deg. 38 min. 33 ſec. there will remain 52 deg. 
30 min. oo ſec. equal to. 3 h. 30 m. oof, this taken from 12 
Hours becauſe the Obſervation was made in the Morning, will give - 
8 h. zo m. oof. for the time in the Forenoon when the Firſt Obſer- 
vation was made: And if to this be added 1 h. 30 m. oof. the 
Difference of the times between the two Obſervations before found. 
the Sum 10 h. oom. oof. will be the time the Second Obſervation 
was made in the ſame Morning; wherefore to find the Latitude of 
the Place of Obſervation, it will be by the / Gaſe of Oblique-angled 
Spherical Triangles, 9 | 
As S. : S. 20: :S<WO:;S.ZP; that is, 1 

As the Sine of the Hour at the 1/ Obſ, 52.30.00 —— 9.899466 4 


To the S. of the correſpondent<of Poſition 38-58-26} 9.79862 82 A 
do is the Co-ſine of the leaſt Altitude 38.18.46 ——— 9-8946686 


70 the Co-ſine of the Latitude 5 1.3 2.00! —— 9-7938302 


* 9 ” 
* 


Whence it appears that the time of the firſt Obſervation was at 

8 h. 3o m. 00 ſ. when the Azimuth was Soutn 72 deg. 12 min. 54 1 
ſec. Eaſt, the time of the ſecond Obſervation was at 10 h. oo min. * 
oo ſec: hen the Azimuth was South 47 deg. 38 min. 24ſec E. | 

and the Latitude of the Place of Obſervation was 51 deg. 32 min- 4x 

os ſec, North * | 7 


Prob. VII. „ 
* Caſe 3. „ 


Given twoAltitudes of the Sun taken in the ſame Forenoon or Af- 
ternoon, together with the Alteration of Azimuth, and Difference 
between the times of the Obſervations, to find the Hour of the Day 

. > PEEESS: Wt . and 
8 * 4 : | 
T — | 


i ronomical Problen 
* A-imuthat each Obſervation, together with the Latitude of the 
Place and Declinazian of the Sun. rw | 


y 4 4 TY 
. n 
* T4 
3 
* K. 
> » G 
E - . 
— 
' 


Example. 


The Sun's Height with a good Quadrant was found to be 38 
deg. 8 min. 46 ſec- 2, and in one Hour and a half the ſame. Fore- 
noon it was found to have increaſed 12 deg- 6 min. 3 ſec-4,. during 

Which time the Sun had made an Alteration of 24 deg. 34 min. 29 
ſec. 5 of Azimuth: I demand the Declination of the Sun, the Hour 
and Azimuth when each Qbſcryation was made, and the Latitude 


of the Place ? 
| K | Anſwer. 2 | 
hs +: The Declination is 19 deg- 39 min- ro fec- the time of the Day 
Ga at the firſt Obſervation was os h. 30 m. co ſ. inthe Morning, at 
which time the true Azimuth was South 72 deg- 12 min. 54 ſec, 
Eaſt, the time ot the Day at the ſecond Obſaation was Io h. om; 


oo ſ. the ſame Morning, when the Azimuth was South 47 deg, 
38 min. 24 ſec 4 Eaft, and the Latitude. 5.x deg- 32 min. oo ſec. 


North. EO 
” „„ 
Giren the Altitude and Declination of the Sun, together with 


7 the alteration of Azimuth correſponding to a given time, to find the 
Hour of the Day, Azimuth of the Sun, and Latitude of the Place. 


Example. 29 


The Sun's Declination being 19 dep. 39 min. lo ſec North, 
kis Altitude was found in the Afternoon to be 50 deg. 24 min. 49 


= ſec ?, and in the Space of one Hour and a half the ſame After- 
.-* - noon, the Azimuth from the South was found to increaſe 2 deg. 
334 min. 29ſec. 3, I demand the Latitude af the Place, the Hour 
bot the Day, and Azimuth of the Sun at the time when the Sun's. 
Height was taken, . | 
82 ; . | 7 
2 | 7 hor rH Anfe 


2 * 


2 


Auſuer. | 


The Latitude of the Place was 51 deg- 32 min. oo ſec. North 
the Hour of the Day was 2 in the Afternoon, and the * at 


that time. was-South 47 deg. 38 min. 24 ſec- 4 Weſt, 
probe VII 


Caſe 5. 


Given two Attitudes taken on the ſame Day, together with the : 
Hour of the Day whe the firſt Obteryation was _— to find the 


Latitude of the Place and Azimuth of the Sun. 
Example. | 


On the th of May 1720, the Sun's Altitude at half an Hour paſt 
Eight in the Morning was found to be 38 deg. 18 min. 46 lec. 3, 
and ſome time after the ſame Morning, the Height was obſerved to 


1 


be 50 deg. 24 min. 49 ſec. 3, I demand the Latitude of the Place, 


8 Hoar and Azimuth, at the laſt time of Obſervation. | 


The Latitude is 53 * 32 min. oo ſec, the Hour is 16h, oo m. | 
oo ſec. and Azimuth South 47 deg. 38 min. 24 ſec· 4 Eaſt, 50 


Prob. VIL. 
Caſe. 6. 


Given the Sun's Altitude, and the How on the ſame Day; y, toges \ 
ther with his alteration of Azimuth, to find the Latitude of the | 
Place and Azimuth of the Sun. 


N 


On che 7th-of May 1720, the Sun's Altitude at Two in the Af- | 


ternoon was found to be 50 deg. 24 min. 49 lec. à, and during a 
certain * of Time the Azimuth was found to increaſe 24 deg.” 
34 min. 


34 min. 


e  . Aſtronomical Problems © 


o_ * 


T 


Anfr. 1 
wi; wth 


The Latitude is 51 deg. 32 min. oo ſec, the Hour is 3 h. 20 m. 
and the Azimuth is South 72 deg. 12 min. 54 ſec. Weſt. 

A great variety of other Caſes might be formed from this Problem, 
but theſe that I have given ſhall ſuffice for this time. 

In the fix preceding Caſes the Declination of the Sun has been ſup- 


poſed the ſame at each Obſervation, when in reality it varies about 


48 Seconds in 14 Hour, in that part of the Ecliptic where the Sun 
is, that is, increaſing when the Sun is in the firſt Quadrant of the 
Ecliptic, between the time of the firſt and ſecond Obſervation ; and 
decreaſing when the Sun is in the ſecond Quadrant of the Ecliptic, 
but the Difference is ſo ſmall, that for the Eaſe of Calculation it has 
been rejected; and altho it be impoſſible by any Inſtrument hither- 
to made, or that can be made to take the Sun s Altitude and Azi- 


muth to Seconds and parts of Seconds, yet it was neceſſary here to 
ſuppoſe it to be done, that the Reader may ſee how very exact the 


ſeveral Requiſites anſwer one to another in the ſeveral Caſes, when 

Care is taken in the Calculation; and for this End I compoſed a 
Table of Sines, Tangents and Secants.on Purpoſe to the given Num- 

bers . - | S 
The following Tables of the Sun's Place, conſtructed after the 


manner taught in the 20th Section of Part the 1/t, and the corre- 


ſpondent Right Aſcenſigne and Declinations thence deduced by the 
help of the ſt Prab/ei of Sefton the 3d of this Part are all fitted 
to the Meridian of London, and adapted to the Noon of each reſpec- 


tive May, and therefore to find the true Place of the Sun, his mn 


nation or Right Aſcenſion to; any, other time of the Day, we mu 


" ffay, as 24 Hours is to the Difference. between the Place of the Sun, 
Declination or Right Aſcenſion the Noon of the given Day, and 
his Place, Declination, or Right Aſcenſion the Noon of the follow- 


his 


ing Day, ſo is the time from Noon to a fourth Proportional; which 
being added to the Place of the Sun, his Declination or Right Aſ- 
cenſion at the Noon of the given Day, will give the true Place of 


the Sun, his Declination or Right Aſcenſion- at the time propoſedʒ 
but if che Sun be in the ſecond or fourth Quadrants of the Ecliptic, 


then 


9 ſec. I demand the Latitude of the Place, Hour of tbe 
Day and Azimuth ot the Sun at the End of the time of Obſervation. | 


i 


* Aſtronomical Problems 


of the Sun at the Noon of the given Day, will give his true Dechitia- 
tion at the time propoſed. | * 


Sußppoſe for Example, that it were required to find the tt Place 
of the Sun in the Ecliptic, his Declination and Right Aſcenſien at 


London on the firſt Day of January 1725, at 2 h. 35 m. 36 f. in the 
Afternoon, ſay; as 24 hours is to x deg. of! min. 07 fee: the Diffe- 
rence between 23 deg. 22 min. 02 Tec. the Place of the Sun in Capri- 
corn the Neon of the Day given, and 23 deg- 23 min. og ſec- of 
Capricorn the Place of the Sun at Noon the Day following, or on 
the 2d of January fo is 2 h. 35 m 36 f the time from Noon to 7m. 
34 ſ. which being added to 22 deg. 22 min. 02 ſec. the Place of the 


Sun on the firſt Day of January, will give 22 deg. 29 min. 36 fec. 


for the true Place of the Sun on the firſt Day of January 1735, at 
2h 35 m 36 f. P. M. After the ſame manner the Sun will be found 
to have 21 deg. 36 min. 19 ſec. of South Declination, and 19 h. 
37 m. 08 ſ. of Right Aſcenſion 

And inaſmuch as the Tables are fitted to the Meridian of London, 
if the Place of the Sun, his Declination or Right Aſcenſion be requi- 
red ac any other Place that lyes under a different Meridian, the pro- 


portional Quantity to be applied to the Tabular Place, Declination, 


or Right Aſcenſion, in order to find the true Place, Declination and 
Right Aſcenſion, mult be found after the ame manner as in the for- 
mer Example, by ſaying, as 24 hours to the Tabular Difference, ſo 


is the Difference ot Longitude in Time to a fourth Proporrional, 


which being applied to the Tabular Place, Right Aſcenſion or De- 
clination, will give the true Place of the Sun, his Declination and 
Right Aſcenſion at the Place propoſed. 

Thus the true Place of the Sun at Port Royal in Jamaica, whick 
lies 5 h. 4m. to the Weſtward of the Meridian. of London on the ſt 
of January 1725 at Noon, will be found to be 22 deg. 34 min. 56 ſec. 
in Capricorn, his true Declination at that time being 21 deg. 35 min. 
15 ſec. South, and his Right A ſcenſion 19 hor. 37 min. 35 ſec but at 
Cheu ſan in China which lies 8h. 6m. to the Eaſtward of the Meridi- 
an of London, the Sun at Noon on the ſame firſt Day of January 


at Noon, will be found to be in 22 deg. 0+ min. 25 ſec. in Capricorn 


having 21 deg. 40 min. 52 ſec. South Declination, and his Right 
Aſcention at the ſame time will bz found to be gh. 35m. 12 f. 
| 8 And 


LT 


*, 
+ 


_ ® 391. 
then the fourth Proportional being ſubſtracted ſtom the Deelination 


Aſtronomical Problemm 1 
| And inaſmuch as the Place of the Sun and conſequently his Decli- 
= nation and Right Aſcenſion is found to vary annually, by reaſon of 
the odd 5 Hours and 49 Minutes of which the Solar conſiſts of, over 
ts and above the 365 Days ; I have added Tables to ſhew the propor- 
bl - © tionable Increaſe orDecreaſe to be applied to the Tabular Place, &c. 

do givethe true Place, &c. Thus, the true Place of the Sun on the 

# firſt of January 1800 at London, will be found to be Capricorn 22 

 - deg-$ min. 41 ſec. kis Declination at that time ezdeg. 39 min · 29 

X ſec- S. and his Right Aſcenſion 19 hor. 35 min- 42 ſec. and by ap- 

4 - plying the Quantities of the Variation the contrary way to their 

reſpe&ive Titles, may the true Place of the Sun, be found for any 
time paſt, within the compaſs of the Tables. | 


, * 
9 
4 , LI 
* 
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TABLES. 


| For the Years 1725, 1726, 4727, 1728. 


” ä — —— 


Or THE 


Sun's true Place 
Every Day at Noon, 


Under the MER I DIA M of | 
His Majeſty's Obſervatory: . 


Calculated from Mr. FLAMSTEE Ds 


Solar Numbers: 5 


TOGETHER 


With his & bt Aſcenſion i in Time, and Dei 
a from the Equator. | 


WITH 


Years to come. 


4 


Variations to make · them ſerve for an Hundred 5 


ö „ 


1 


391 4 New 
Tear 1725, bring the Firſt 


and Correct Table 1 


0 
6 


the Sun's Place for te 
ar after Leap - Lear. q 


6427 27 3? 
28" 28 34 


| 


1 8129 29 37 


| 0820 54 34 


0 32 o 32 
120 20 42 


February 


E Ul mf 


— 


2]:3 49 391 


24 50 12 


25 50 43 
25 51 13 


3 54 32 
6 54 45 


£9. $5-.T3 
10 55 21 
[1 55 24 
12 55 36 


9113 55 27 


14 55 256 
5 55 23 
16 55* 10 


t7 55 08 | 


8 54 59 


March, 


27þ7 $1 4225 52 5 


23 48 35 
742 907 


4 4754 
:| 8 55 706 46 1 05 
97 45 3408 04 


08 44 43 
09 43 51 
10 42 57 
11 42 or 
12 41 02 
13 40 01 


x 53 21. 51 ozſs 17 44029 
14. 58129. 5 


09 O02 
10 O00 20 
10 58 26 
11 56 30 
12 54 32 
13 52 33 


14 38 59 


14 50 33 
ty 37 545 49_30 
16 36 4 16 46 2 


[9 54 47/7 35 39/17 44 2 


—ůů—ů—— — 


18 34 28018 42 14 


19 33 15/19 40 05 


21 20 4 


June 
. 


| SAP 


21 35 43 
22 33 30 
23 37 1 


26 


27 
28 


24 24 
22 05 
19 44 
17 23 


OI 12 33 


22 15 14 
6023 2 3 


| 


— 


1 


21 17 58 


24 09 44 
$5 06 39 


08 52 39 
09-49 59 
10 47 23 
11 44 47 
12 42 09 
13 39 31 


15 34 13 
16 31 32 
17 28 51 
18 26 09 
19 23 26 


14.35 $2114 18 5 


8 27 43119 


12 16 27J23 
13 13 3824 


17 Oo 2 25124 
7 59 36.26 


A New. and” Correct Table of the un' Place for the 395 
Tear 1725, being the _ Tear after Leap-Year.” 


bang” -—- 
Sf July. Tae Seen ocdaber November Decemper| - 
15 5 K a 2 1 


1 to —— 7 51 11. 4146.40 2 "med 0 
- 


i119 54 oog 33 3819 33. 54 9 4 50/20 6 13/20 31 23 1 
20 51 14120 31 19]20 32 2070 4 23121. 6 15 32 2780 2 
7 3 


— 


321 48 27]21 29 01 ET 31 Ocz 3 5922 7 17122 33 3 
22 3 3623 7 5123 34 49-4 


22 45 4222 26 4522 29 37 
27124 35 495 


5123 42 57123 24 30[23 28 15½3 3 164 8 
24 40 13124 22 16]24 26 324 
37 29]25 20 04125 25 3825 
34 45126 17 53/76 24 2326 
32 03127 15 44].7 34 0927 
28 133928 21 $7]. _ 


129 11 30]29 20 4a 


153 16 013 03 2 22 316 30 = 41104 15 444 47 22115 
4 1 244 15 314 1 4465 16 3515 48 33116 


1917 05 35Þ6 55 49Þ7 12 45Þ7 1 5908 19 168 52 % 
20008 03 oo 53 48 8 11 748 2 WY 20 12709 53 1620 


— 1 — _— —— . — — —— — —— DO —ñẽ 


19 2 1910 21 Sho 54 2621]. 
o 2 321 22 61 55 3721 


I! 2 46012 23 512 56 12 


27114 45 32114 41 49115 06 55315 4 02116 27 ONr7 1 2927 
28015 43 07115..49 03/16 06 20116 4 25j17 28 11/18 2 3828 
29016 40 43116 38 2917 of 48]t7 4 50118 29 14119 3 47,29 
30117, 38 2 20117 36 54118.C5_17 18 8 5 = 12 9 39 1810 4 $539 
13 1118 — 18 35 23 | 19 5 44 KN 03.32 
Dad d dd 2 | 
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New and Correct Table of the Sun's Place for the 
p Tear 1726, being the Second Tear after Leap-Year. 
1720 6 88 | . 
E Janyary February) March April May June [>] 
Va - ov y 3 8-8 
. 1 | Toy * — 18 
8 71 10 „o „ 10 ' 71460 „ „ 
17122 G7 10/23 34 5621 39 5022 15 12021 21 44 
| 2j23 08 18024 35 3022 39 33123 13 52]22 19 32] 
3124 O0 24|25 36 02/23 39 15]24 12 29123 17 18 
25 10 30/26 36 33/24 38 5425 11 854 15 02 
[525 11 3527 37 02/25 38 31126 os 3925 12 46 
27 12 3928 37 2926 38 ocz? 8 16 10 28 
28 13 43129 37 5527 37 39128 6 41127 08 08 
29 14 461* 38 1928 37 1c|29 5 o$[?8 05 48 
4801 38 429 36 39/8 3 35Þ9 03 26 
39 OL 36 Ob 2 off or oN 29 12 bo 
22/01 35 3002 oo 220 58 34S 36 221 
3902 34 522 $8 43]1 56 1201 33 342 
5403 34 1353 $7 922 53 452 39 4613 
08124 33. 3154 55 53 51 17Þ3 27 57ʃ¹4 
20/05 32 47]25 53 2404 48 25 o815 
306 32 O2Þ6 51 47 20016 
178 23 3009 40 3807 31 147 49 55% 32117 
9 24 3z|ic 40 4408 30 248 48 75 7 16 4318 
1910 25 2611 40 4909 29 4 29 46 17 3 54119 
12 40 5110 2 10 44 23 255 07-0 
21 12 27 g 13 40 521ll 27 4 4 1521 
22Jt 3 27 58/14 40 51/12 26 4 2622 
23114 28 46015 40 48 37123 
16 40 43 48024 
17 40 36 00/25 
18 40 27 1226 
19 40 17/1 1 2327 
20 40 O4 35:6 
5 5 
| 8 89 
. : 42 


A New and Correct Table of the Sun's Place for the 397 
Tear 1726, being the Second Tear after Leap-Year, 


lo w O0 Seesen 


172 
Sl July | Auguſe September October |November | December & 
< S ; | N 2 m 7 
„„ <Fe. 3 88 
1079 40 12119 19 489 19 43/8 50 21019 57 72020 16 32 
2120 37 25/20 17 210 18 151% 49 54120 52 03121 17 38 
2[21 34 39/21 15 o˙e 16 56/70 49 2g]21 52 35122 18 Þþ2 
4422 31 53/22 12 4&2 15 25]21 49 of22 53 ogſ23 19 500 
$[23_29 0022 30 3523 14 0:22 48 ablz3 53 45124. 2957 
6124 26 23 2Z. 48 2724 54 22025 22 oF 
7125 23 39 24 48 11125 55 ccſ26 23 12 
8126 20 55 25 47 36/6 55 40027 24 21 
9127 18 12 26 47 43127 56 21128 25 2c 
1928 15 29 27 47 2228 57 03129 26 40 
1129 12 47 28 47 24129 57 4% 27 49 
[2]N 10 06 9 47 17] $58 22 28 59/2 
13401 C7 25 47 12J]ol 59 1812 30 oc[13 
14% 04 4510 51 47 ogÞo3 oo 071} 21 19014 
15103 C £702 4 22 47 084 CO 5714 32 20115 
16103 59 3c[03 47 224 01 12193 47 10 5 1 4856 33 41116 
1704 56 54 4 47 1306 2 34eſs 34 54/17 
8ſos 54 It 25 47 1807 3 247 36 02018 
1900 51 436 41 26 47 24½%8 4 288 35 1219 
2c407 49 09 37 4.7 33097 5 2419 38 23/75 
231-8 46 26 8 47 42/10 6 20010 29 22121 
2209 44 040 9 47 55%, 7 Tet 40 44122 
22010 41 32 0 48 ogf12 8 1412 41 55123 
124]'1 39 02/11 32 35011 54 28/01 48 2513 '9 14113 43 95124 
25112 36 33/2 20 $2112 53 47/12 48 4314 10 16114 44 14125 
2613 34 05/13 29 1113 53 713 49 @215 11 1805 45 27126 
127114 31 38/14 27 3/4 52 3014 49 2316 12 19/16 46 37927 
25115 29 12115 25 54Þ5 51 54Þt5 49 45i17 13 22017 47 4.7128 
2916 26 47116 24 18016 51 21016 50 1018 14 25/18 48 56129 
2 24.230 Z 22 45/1) 50 J 50 26119 15 28119 50 05020 
Elis 22 oiſts 21 1 18 51 oz] 20 51 12121 


18PoS 09 48 


7 07 5a 3 
1758 08 53 


— 1 — 1 wUà — —y. . — 


293 A New and Correct Tables of the Sun's Plate for the 
Tear 172 75 being the Third Tear after — r. 
. 2 
|S] January | February > T Aprit | May Tx E 
r — Y 4 - et 
2 =o : Ip 16 
o : „ „ l 6 0 _ R A 0 x% 
1 EE — * E 
121 52 2023 20 13j21 25 21/2 co 50 C7 4/20 50 1811 
2422 73 27/24 20 4822 25 05/2 59 gc22 05 33/21 47 3% 2 
323 54 34%½5 21 2123 24 423 58 1s]23 03 2922 44 4503 
4424 55 406 21 52 24 56 55] 4 Ol oZ 42 ©.| 4 
n 55.2004 32 40" 26 15 
626 57 5-0 22 49 26 54 O1P25 56 3125 36 22] © 
7127 58 5229 23 16 27 52 3:1]26 54 12126 33 4606 
28 59 57e 23 40 28 51 0927 51 52127 30 580 t 
9% O oi 24 03 29 49 26028 49 308 23 11] 9 
ol 2 02 24 240 8 47 51029 47 onÞ9 25 25-23 
1102 03 _ 24 44 1 45 131 44 4318 22 341 
12453 ey 25 01-2 20 2802 44 3301 42 17]1 19 46/12 
304 O5 © 25 17103 19 483 42 5202 39 5002 16 $7112 
145 06 15 25 314 19 odſok 41 o9Þ93 37 2353 14 0914 


14 22 29113 11 48/12 45 55 0 


i5 20 27 


$117 16 15 


09 56 


16 18 24 


iS 14 12 
19 12 05 


14 09 09 
[5 5 c 30 


16 03 50 


L7 OI Og 


17. 58 27 
8 55 45 


13 43 Oy 


14 40 21 
37. 
'6 34 45[- 
17 31 57 
ls 29 Oc 


—— 


2 22 19 27 


19 53 02 
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4 New and Carrel# Table of the Sun's Place far the 


. Tear 1727, being the Third lear after Leap-Year. 


3 | 


| Aug uſe : 
BD 1 


Ono 
{2 


November 
INE: .\ 


December 
1 


SA d 


19 05 45 
20 03 25 
21 ol 07 


0 , i 


8 35 57 
19 35 29 


——_—— 


0 ', I 


19 36 52 
20 37 22 


20 35 04121 37 50 
21 34 goſ22 38 28 


23 39 O 


0 / Ld 


20 OI 40 
21 02 45 
22 03 54 
23 05 oo 
24 06 07 


_— — 


N MN 


30123 33 $59]24 39 4c]25 07 1. 
26 08 22 
127 09 30 


—-— 


to 
© 
— 
— 
+ 
* 


Jic[28 1 37 


— — — — "our 


Too CO © 


—— 
—— 


1728 32 52029 43 0% 12 57 
08]29 32 45/7 43 48001 14 0% 2 
oM 32 39Þ1 44 25 15 1713 
14/01 50 5401 37 771 32 36Þ2 45 2203 16 27/14 
222 48 160237 17 55192 22 233 46 1104 17 28 
23 45 38,03 33 1$Þ3 46 $4193 32 35Þ4 47 025 15 45 
[7/24 43 01]04 31 21 24. 32 3805 47 5406 20 oc 
885 40. 24/95 29 2600 oc 5 32 4206 48 47107 21118 
O06 37 4906 27 3256 44 0606 32 4 7 49 41 o8 22 21jl9 
Þ7 35 147 25 35]Þ7 43 14Þ7 32 57/98 50 27Þ9 23 32 
28 32 41/08 23 458 42 2408 33 9709 51 33 42 
[219 30 o$109-22 ocſog 41 30 29 33 1910 52 3c 


10 27 36ʃ10 20 I 2fio 40 502 33 3201 53 28 
{I 25 O6j11 18 28 


(7 40 CET. 33 47/12 54 2 
12 22 37,12 16 _qajl2 39 25]12 24 0412 55 28114 29 25125 
13 20 0913 15 0243 38 45113 34 22/14 56 29|l5 30 3626 
14 17 42|14 13 23]i4 38 O7[14 34 44/5 57 31 
11 15 1715 II 45115 37 3115 35 866 58 32 
12916 12 52116 10 ccft6 36 5e[16 35 30017 59 36 
380 16 2317 08 2) 5 2007 38 $019 00 40010 25 14 
118 08 06-18 07 Gan: - « 128 26 22 ce LI 26 24/21 


(2429 56 14129 41 
IN 53 34% 39 


— 


10 24 42721 


— 
ww 


1728, _ Leap- 3 


430. A New. — Cre Table 4 the Sun's Place for the Tear 
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29 46 
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| 1.0 ZI B. .- $4. 
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ml 


213719 
22 38 37 
23 39 43 
| 24 40 45 
$Þ5 4455 

26 43 OC 
727 44 94 
28 7 Is 


pF" 
148 14 
2 49 15 
3 50 15 
45114 
e 
6 53 oC 


617 01 7 
= 17118, 02 14 
9 O2 FC 
1920 OJ 10 


1 54 
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February 


”a 
Ladd 


23 05 30 
14 06 O5 
25 06 38 
29 O7 098 
$9739 


451 06 41 


"March 
* 


5 / in © 


—— — — 


22 10 3 
23 10 18 


Y 


22 45 28 
23 44 07 
24 09 5824 42 44 
25 09 3625 41 19 
25 09 226 39 52 


„ 


— — — 


21 51 35 
22 49 22 


23 47 05 


27 08 46127 
28 08 1828 
9 07 48/29 
Y 07 1540 


08 01 4308 
09 00 5259 


09 5% 5910 
10 59 O51 


38 23 
36 52 
35 19 
33 


28 4802 25 5 


cx 58 08112 
2 57 013 


14 55 04/15 


18 50 32118 


19 49 1919 55 $7118 41 44118 15 19125 


20 48 04120 


21 46 4 


12 2511 03 © 
10 2712 00 32 


3 56*08]14 o8 28012 57 35/12 32 14 
o6 2713 55 17/3 29 2424 
i5 53 59Þ65 04 24114 52 38014 20 26 34 25] 
16 52 52]17 02 19115 49 5815 23 45026 
17 51 43/8 co 1416 47 17116 20 56Þ7 


58 06117 44 3 


20 53 4719 39 11 
* Þo 36 28 


24 44 5224 25 29] 4 
25 42 355 22 43],5 
26 40 1026 19 5} 6 
27 37 5627 17 0g 7 
28 35 35/28 14 22] 8 
29 33 12129 11 34 
_1 32 07/0 30 480 o8 460 
2 30 2901 28 22 | 05 58 
3|Þ3 05 20] 3 


— __ = 


21 33 44] 1 
22 30 59] 2 
23 28 14]3 


5 
I 
2 03 09112 


| 3 00 20]13 


3 57 3414 
4 54 43/015 
5 51 546 


10 37 Z 
11 35 © 


23 


17 18 07/28 


19 12 2113 
31 


” ANew 2 Corre# Table of — Sun's Place for | the 401 
Tous 1726, being Leap Lear. 
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Ortober November December 
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19 20 02120 


—— — — — a 


22 4120 47 58 
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14102. 34 2302 21 1502 33 3902 18 0203 31 26 04 02 471.4] 
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4 29 08004 17 17 1804 3 31 3804 18 0405 33 odo O5 o8|16] . *4 
17105 26 32105 15 2205 30 4105 18 o08Þ6 34 0007 os 19117 3 
6 13.2 6 29 47/06 18 140% 34 5405 07 30 18 4 
19197 21 = 11 35107 28 5417 18 2108 35 4909 o8 41[t9 | 
08 18 $ 4808 8 18 E399 36 45j10 O09 31 0 
09 15 5 15 
10 13 44 
11 11 13 
12 08 43 
[3 06 14 
14 93 46 
Iy OL 20 
428015 58 54 
291'6 56 30 
3o1'7_ 54 07 
118 51 45 


1 
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4 
$ 
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9 
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— <4 


19 06 o, 26 280 18 55 38 4o'rz 12 13]22 | 1 
11 04 22|tx 25 44{t1 19 10Þi2 39 3913 13 23123 
12 02 38]t2 25 itz 19 26113 40 3914 14 34124 
13 00 5O1t3 24 20113 19 45 r4 41 4015 15 455] . 
13 13 59 I6|r4 23 42114 20 05115" 42 41/6 16 5 Fc g 
14 57 38|t5 23 oft5 20 27]16 43 4417 18 0527 
15 56 oiſts 22 3 16 20 50117 44 4618 19 14]:8 
16 54 2717 22 oc? 21 16018 45 5Ofrg 20 23129 


17 018 21 39/18 21 42]19 4 5420 21 3130 
18 51 24 24] 19.22 I — 22 2931 
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NEW and CORRECT 


TABLE 


| OF THE 
Sun 8 Declination 


For the Years 1725, 1726, 1737, 1718. 
WIT E 


VARIATIONS + 


To make them ſerve for an Hundred 
— to come. | 


| 404 A New and Corel Table of the Sun's Declination for the 
| Tear 1 725, _ the Firſt Tear * er 
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| [20 30 15Þht1 32 11/00 50 580 54 22119 36 29123 26 580 
$10 17 401 10 4900 27 iet 15 1c 49 289023 28 048 
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A New and Correlf Table of the Sun's Declination far the 405 
Tear 172 5 being the Firſt Tear after Leap-Year. | 
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Containing Methods for Calculating the Longitude Lati- 
tude, Right Aſcenſion, and Declination of the Moon, 
or any Fixed Star or Planet, together with the Times 
of their Riſing, and Setting, their Amplitudes, Axj- 
mut hs, Hour of the Night, &c. 


DEFINITIONS. 


11 Onceive a Great Circle to paſs thro' the Poles of the Eclip- 

tic and the Moon or any Fixed Star, and the Arch of 

the Ecliptic contained or intercepted between the firſt point of 

ries and the point of the Ecliptic tkro' which the Great Circle 
paſles, is called the Longitude. 

2. And the Arch of the Great Circle intercepted between the 
Ecliptic and the Moon or Fixed Star is called the Latitude ; and if 
the Moon or Star be placed to the Northward of the Ecliptio it is 
called North Latitude, but if the Moon or Star is ſcituated on the 

South ſide of the Ecliptic it is called South Latitude. 

3. Conceive a Great Circle to paſs throꝰ the Poles of the World 
and the Moon, or any Fixed Star, and the Arch of the Equa- - 
tor contained between the firſt point of Aries and the Interſection of 
this Circle with the Equator, is called the Right Aſcenſion; 

4. And the Arch of this Great Circle intercepred between the E- 
quator and the Moon or Fixed Star is called the Declination; and if 
the Star or Moon be on the North fide of the Equator, it is cal- 
led North Declination, but if either of them be ſcituated to the 
Southward of the Equator it is called South Declination 

Hence it is manifeſt, that all the Fixed Stars that lye between the 
Equator and the Northern half of the Eliptic, or the Moon, or any 
other Planet when they happen to be within this Space, have North 
Declination and South Latitude; and on the contrary, all the Stars 
or the Moon (when it ſo happens) that lye between the Equator 
and the Southern half of the Ecliptic, have South Declination but 
North Latitude. 

G86 88 3 
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For Example, the Southern Eye of the Bull Aldebaran, which 
is placed in 5 deg. 57 min. of Gemini, has 15 deg. 55 min. 23 ſec. 
of North Declination, and 5 deg. 29 min. 49 ſec. of South Lati- 
rude ; and on the contrary, the firſt of the two Stars in the follow- 
ing Horn of Capricorn which is placed in 29 deg. 57 min. 19 ſec. of 
Capricorn; has 13 deg: 19 min. zo ſec. of South Declination, but 
-- deg 1 min. 31 ſec. of North Latitude. ge 

N. B. Theſe Places of the fixed Stars, as well as thoſe that J ſhall - 
make Uſe of in this Section, are fitted to the Year 1726 ; that is, 
36 Years after the commencement of Mr. Flamſteeds Catalogue. 

Theſe Things tho' obvious to any that are but moderately skilled 
in Aſtronomy, are ſometimes apt to confound Young Beginners, and 
therefore I thought them neceſſary to be explained. 


Prob. I. 


Given the Latitude and Longitude of a fixed Star or Planet, to 
find the Right Aſcenſion and Declination. 


Example. 


The Bright Star of Aries being in Taurus 3 deg. 49 min. 18 ſec. 
and having 9 deg. 57 min. 12 ſec. North Latitude, I demand its 
Right Aſcenſion and Declination, or diſtance from the North Pole, 
the Obliquity of the Ecliptic or diſtance between the Poles of the 
Equinoctial and Ecliptic being fixed at 23 deg. 29 min. 


De Stereograf hic Svlution upon the Plane of the Solſtitial Colure, 
| Þ t. Having drawn the Solſtitial Co- 
lure PQ $4, the Equator 4 Q, and 
at Right- angles to it the Equino&ial 
Colure PY 5, ſet off the Chord of 
* 23 deg. 29 min. the obliquity of the 
Ecliptic from 4 to S or from Q to 
, and draw the Ecliptic a Y v, 
and at Riꝑht- angles to it its Axis ⁊ Ve. 


2. Thro' che point v the Pole of the 
8 ST © Ecliptic, draw the Circle of Longitude | 
IN * 
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＋ *, forming an Angle of 56 deg. 10 min. 42 lec. equal to the 
diſtance of the Stars Place from the firſt point of Cancer, with the 
Solſtitial Colure 7 S ”, by Caſe the 3d of Prob. the 9th, of Sc. the 
_ 2dof Part the 4th, and lay oft 81 deg. 02 min. 48 ſec. the diſtance of 
the Star from the North Pole of the Ecliptic, or Complement of 
the Latitude in this Circle from 7 to &, by Caſe the 3d of Problem 
the 6th of the ſame Section, then will X repreſent the Place of the 


firſt Star of Aries in the Projection. 


3. Thro the Poles of the Equator P and & and the point &, 
draw the Circle of * Aſcenſion P * S, by Problem the 1 of 


Section the 2d of Part the 4th, and the thing is done; and the 
* & the Right Aſcenſion from the Solſtitial Colure, may be 
meaſured by Caſe the 2d of Problem the toth, of Section the 2d of 
Part the 4th, and the Arch P *, thediſtance from the North Pole, 
or Complement of the Declination, may be meaſured by Caſe the 34 
of Problem the 7th of the ſame Section. | . 


Logarithmically, or by Calculation. 


In the Oblique-angled Spherical Triangle P % are given, P 
the diſtance between the Poles of the Equator and Ecliptic, equal to 
23 deg. 29 min. oo ſec. the Angle PV * the Stars Longitude from 
the Solſtitial Colure, equal to 56 deg: 10 min. 42 ſec. and the Arch 
X, equal to the Complement of the Stars Latitude, equat:to 80 

* deg. 02 min. 48 ſec. whence to find firſt P M the Complement of 
the Stars Declination, it will be by Caſe the 11th of Oblique-angled, 
&c. (having firſt let tall the Perpendicular * R.) 46 


AsR:cs, Pæ &: : t, 1 &: t, 1 R; that is, 
As the Radius ——— 10 0000000 


To the Sine of the Longirude from Y 33.49.18 — 9.7455 508 


So is the Co- tangent of the Latitude 9 57.12 107557545 
To the Tangent ot a 4 Arch 7 R 72.30-035 10 5013053 


But R- = R, that is, if from the fourth Arch equal to 
72 deg. 30 min. 03 ſec. 7, be taken the diſtance between the two 
Poles 23 deg. 29 min. oo ſec- there will remain P R a fifth Arch, 
equal to 49 deg. oi min. 03 ſec. i, whence to find the Declination 


it will be, 


| Gg gg 2 | As 
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As es, 1 R:cs,PR::cs,7%:cs,PÞ *; that is, 
As the Co- ſine of the fourth Arch 72.30.03 }—————— 9:4781168 


To the Co-fine of the fifth Arch 49.01.0343 —9.8 167885 
So is the Sine of the Latitude 9.5 7. 12 2.23765 92 
To the Sine of the Declination 22.08.50 9.5763 309 


Which is North, becauſe the Stars Place is in the Northern half 
of the Ecliptic, and the Latitude North. 

Again, to find the Right Aſcenſion, it will be by the latter part 
of the 9th Caſe of Oblique, &c. WY | | 
6 As S. PR: S. 7 R: : t, Pr &: t, APX% ; that is, 

As the Sine of the fifth Arch P R 49.01. 031 9.877896; 


To the Sine of the fourth Arch v R 72.30 037 =—— 9. 9794220 
So is the Co-tang. of the Longitude from Aries 33.49.18 101739321 


To the Co- T. of the Right Aſcen. from 27.56.1741 10.275045 6 


Whence it appears, that according to Mr Hamſteed s Catalogue of 
tte fixed Stars, that in the Year 1726, the Right Ajcenſion of the 
Bright Star of Aries will be 27 deg. 55 min. 17 ſ:c, 4, and its Nor- 
thern Declination 22 deg. o8 min. 50 ſec. +. | 

After the ſame manner, and according to the Rules given in the 
1ſt Caſe of the 1ſt Problem of the former Section, may the Right Aſ- 
cenſion and Declination of the Moon or any fixed Star or Planet be 
determined, from the Latitude and Longitude firſt given, and to ex- 
erciſe the Young Student I ſhall ſubjoin a few Examples. 


\ 


| | Example 1. i 
What is the Right Aſcenſion and Declination of Aldebaran, or the 
Southern Eye of the Bull, the Star being in Gemini 5 deg. 57 min. 
oo ſec. and having 5 deg. 29 min. 49 ſec. South Latitude. 

N Anſuer 

The Right Aſcenſion is 65 deg. 02 min, 57 ſec, the Declination 


15 deg. 55 min. 23 ſec : North. 
1 Ex- 
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| Example 2. EE 
What is the Right Aſcenſion and Declination of the Head of Au- 


dromeda, the Star being ia Aries to deg. 28 min. 53 ſec. and having 
25 deg. 41 min. or ſec. North Latitude. 


Anſwers | 


The Right Aſcenſion is 358 deg. 33 min. 20ſec. and Declination 
27 deg. 34 min. 12 ſec. North, 


Example 3. 

I demand the Right Aſcenſion and Declination of the Lyons Heart, 
the Star being in Leo 25 deg. oi min. 20 ſec. and having oo deg. 
26 min. 38 ſec. of North Declination. 

Anſuer. | 

The Right Aſcenſion is 148 deg. 26 min. oo ſec. and the Decli- 
nation 13 deg. 17 min 04 ſec. North. | 

| Example 4. 

What is the Right Aſcenſion and Dedination of the Great Dog 


Star Syrius, its Place being in Cancer 10 deg. 19 min. or ſec. and ha- 
ving 39 deg. 32 min. 08 ſec. South Latitude. . 


The Right Aſcenſion. is 98 deg. 16 min, 32 ſec. and Declination 
16 deg. 20 min. 59 ſec. South. | | 
85 Example 5. 
What is the Right Aſcenſion and Declination of the Bright Star 
in the Harp, the Place being in Capricorn 11 deg. 27 min. 18 lec. and 


having 61 deg. 45 min, 31 ſec. North Latitude 
Anſwer, 
The Right Aſcenſion is 276 deg. 54 min. oz ſec. 4, and Declina- 
tion 38 deg. 33 min. 03 ſec. North. 
Example 6. 


What is the Right Aſcenſion and Declination of the Right Shoul- 
der of Orion, the Star being in Gemini 24 deg. 55 min. oo ſec. and 
having 16 deg. 04 min. 26 ſec. South Latitude · Anſw. 
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| £ Anſwer. S 
The Right Aſcenſion is 85 deg. 04 min. 33 ſec, and Declinati- 
on 07 deg. 19 min. 15 ſec, North. | #65 


Prob. I. 


AT HERD, - Caſe 2. | | T 

© Given the Right Aſcenſion and Declination of a fixed. Star or 
Planet, to find its Longitude and Latitude, the Obliquity of the 
Ecliptic, being fixed at 23 deg. 29 min, oo ſec. 

ä y 4 « | 4 Examtle- . . 1 
The Right Aſcenſion of the Bright Star of Aries being 27 deg. 56 


min. 17 ſec· and its Declination 22 deg. 08 min. 50 ſec. North. 
I demand its Longitude and Latitude. 


The Stereographic Solution. 58 
ce I. Having drawn the Solſtitial 
Colure PO SA, the Equator 4 2, 

the Seltitta} Colure PS, che E- 
cliptic S V, and its Axis 76, as in 
the former Cafe, thro” the Poles P 

9 and S draw the Circle of Right Aſ- 
cenſion P & S, forming an Angle of 

62 deg. 03 min. o; ſec. equal to the 

VP? Com plement-of the Right Aſcenſion 
of the Star from Aries, by Caſe the 
7, cup 3d of Problem the 9th of Part the 4th, 
| and ſet off 67 deg. 51 min. 10 ſec. 

the diſtance of the Star from the North Pole, or Complement of 
the Declination, in this Circle from P to &, by Caſe the 3d of Pro- 
blem the 6th of the ſame Section, then will * repreſent the Place of 
the firſt Star of Aries in this Projection. by 

2. Thro' the Poles of the Ecliptic 7 and = and the point &, draw 
the Circle of Longitude 7 * , and the thing is done; and the An- 
gle * 7 Y the Longitude from the firſt point of Aries, may be mea- 
ſured by Caſe the 2d of Problem the 10th, of Section the 2d of Part 
the 4th, and the Arch & x the Latitude in this Caſe, or the Arch 
7 * its Complement, may be meaſured by Caſe the 3d of Problem the 
7th of the ſame Section. | Loga- 
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Logarithmically, or by Calculation. 


In the Oblique-angled Spherical Triangle P 7 & are given, P 
the conſtant diſtance between the Poles of the World and Ecliptic 
equal to 23 deg. 29 min. the Angle R P # the Complement of the 
Stars Right Aſcenſion from the firſt point of Aries, equal to 62 deg: 
03 min. 41 ſec. and the Arch P X the diſtance of the Star from the 
North Pole, or Complement of its Declination, in this Caſe equal 
to 67 deg. 51 min o7 ſec. whence to find firſt the Arch 7 X, the 
Stars diſtance from the Pole of the Ecliptic 7, or Complement of 
the Latitude, it will be by Caſe the 11th of Oblique-angled, &c. (ha- 
ving firſt let fall the Perpendicular * R) | 


As R: es, 1 PX: : t, PX: t, P. R; that is, 
As the Radius — — —10.0000000 


— — 


To the Sine ot the Right Aſcen from Aries 27.56.17 —9.6707251 
So is the Co-tangent of the Declination 22:08. 50 —10.390386r 


To the Tangent of a fourth Arch P R 49.0 1.41. 0671112 


But P RPR; that is, if to the fourth Arch P R, equal 
to 49 deg. 01min. 04 ſec. z, be added P the conſtant diſtance 
between the two Poles, equal to 23 deg: 29 min. os ſec. the Sum 
72 deg. 30 min. 04 ſec. , wil give RT for a fifth. Arch, whence 
to find the Latitude it will be, | 


As the cs, PR: cs, Re: : c, P*:cs,7%*; that is,” 


As the Co-ſine of the 4th Arch PR 49.0 1044 — 9.8167866 
To the Co- ſine of the 5th Arch Þ 7 72-30-04} . 9.47811 18 

So is the Sine of the Declination 22.08, FO 9.5763272 
To the Sine of the Latitude 9.57.111ͤ 2 376524 


————ů—ů 


Which is North, becauſe the Stars Right Aſcenſion is leſs than 
180 deg. oo min. oo ſec. and its Declination North. 
Again to find the Longitude, it will be by the latter part of the 
gth Caſe of Oblique, &c. | | | 
| | As 
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As the S. 7 R. 8. PR t, 4% N t, &; that is, 
As the Sine of the fifth Arch v R 72.30.0457 —9.9794295 


b - — — — 


To the Sine of the 4th Arch PR 49.01. 04 — 98778978 
So is the Co-tang. of the Right Aſc. from Y 29.55. 7 10. 2754792 


To the Co- tang. of the Longit. from Y 33.49.18:— 10.173927 


— 


Which gives 3 deg. 49 min · 18 ſec- t in Taurus, for the Place of 
the Star. | | 

After the ſame manner, and by the help of the Rules given in the 
2d Caſe of the 1/t Problem of the laſt Section, may the Latitude of 
the Moon or any fixed Star, and its Place in the Ecliptic be deter- 
mined, from the Right Aſcenſion and Declination firſt given, as will 
appear from the following Examples. 


| Example 1. 

What is the Latitnde and Place ot Spica Virginis, the Right Aſcen- 
ſion being 197 deg- 42 min. 07 ſec · and its Declination 9 deg. 43 
min. 2 3 ſec. South» 

Anſwer. 

The Stars Place is in Libra 20 deg- 01 min. 22 ſec. and its Lati- 

tude 2 deg- o1 min- 59 ſec. South. | 
| Example 2. 

What is the Latitude and Longitude of the Bright Star in the 
Eagle, its Right Aſcenſion being 294 deg. 19 min. 56 ſec. and its 
Declination 8 deg- 10 min- or ſec- North. 4 | 

| 3 Anſwer. 

The Stars Place is in Capricorn 27 deg- 53 min. 24 ſec+ and its 

Latitude is 29 deg. 19 min. 11 ſec. North. | | 
Example 3. | 

What is the Longitude and Latitude of Procyon, or the Bright Star 

in the Lale Dog, its Right Aſcenfion being 111 iy 14 min. ot ſec. 


and its Declination o5 deg. 54 min. 26 ſec. Nort 
: : Anſu. 


e 


— mel Problens. * 0 


The Stars Place is in Cancer 22 * 00 min. uf and ns 
| rirude 1 57 _ 55 lee. Sputh. | % 
my Exampl 4 : —E 
What is the Longitude and Latitude of the Bright Foot of Orion, 
called Regel; whole Right Aſcenſion is 75 deg. 20 min. 4 en 


its Declination 8 deg. 33 min. oo ſec. South. 


Anſwer : 
The Stars Place is in Gemin! 13 deg. oo min. oo ſec- and its La- 
titude is 31 deg- 10 min. I ſec. South. 
Example 5. 


Whar is the Longitude and Latitude of Capella, or the Goat Star, 
its Righe A ſcenſion being 74 deg. 7 min. 14 ſec; and its Declina- 


—_ R 440986 19 ſec. 
6 Anſwer. 
The Place of the Star i is in Gola 18 deg. ol min. 41 ſee. and 
its Latitude 22 deg. 51 min. 4 47 ſec. Norch. * ö 


Example 6. 


What is the Place and Latitude of ArBtarus, it its Riche Aſcenſion 


bein 500 deg- 47 min- 42 ſec. 3, and Declination 20 deg. 38 min. 
43 ſec. North. : 

Anſwer. ; 
The Stars Placz is in Libra 20 deg. 23 min- 52 ſec- and its La- 


titude is 30 deg. 57 min. oo ſec- North. 

Theſe two Caſes being the principal and only uſeful Cafes of this 
Problem, I ſhall only ptopoſe the remaining Eight Cafes, and give 
their Anſwers, and leave the Operations to Exerciſe the Learner 


Caſe 3. 
Given the Right Aſcenſion and Declination of a Star, together 


with its Latitude, to find the Longitude and greateſt Obliquity of 
the Ecliptic- | 
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The Right Aſcenſion of the Southern Eye of the B Aldebaras 


being 65 deg. oa min. 57 ſec- its Declination 15 deg- 55 min. 23 ſec. 


and'its Latitude 5 deg. 29 min. 49 ſec. South. I demand the Lon- 
gitude and Obliquity of the Ecliptic · 


ET Anſwer. 


e Stari is in Gemini 5 deg- 57 min. 00 ſes. and the Obliquity 
of the Ecliptic is 23 deg- 29 min. oo ſec. 


Caſe 4 
Given the Longitude, Latitude and Declination of a Star, to find 


the Right Aſcenſion and Obliquity of the Ecliptic. 


. 197 . Example. 


The Northen Harniof the Bu being in 18 deg. 43 mim i ſec. of 
Gemini, its Latitude 5 deg. 21 min. 34 ſec. North, and i Decli- 
nation 28 deg. 20 min. 33 ſec. North. I demand jts Right Aſcen- 
fion, and the Obliquity of the Ecliptic. 


+ _ Anſwer. 


The Right Aſcenſion is 97 deg. 13 min. 49 ſec. and the Obi 
quity of the Ecliptic | is 23 deg- 29 min. oo ſec. 


8 
Given the Right Aſcenſion of a Star, its Latitude, and the Obli- 


| TW: of the Ecliptic, to find the Longitude and Declination: 


Example. 


What is the e and Declination of the Right Shoulder of O- 
rion, its Latitude being 16 deg. 04 min. 26 ſec. South, its Right 
Aſcenſion 85 deg. 04 min. 33 ſec. and the greateſt Obliquiry of 
the Ecliptic 23 deg. 29 min. oo ſec. - 


Anſwer. 


The Star is in Gemini 24 deg. 55 min. 00 ſoc. and its Declina- 
tion x6 deg. 04 min. 26 ſec. South. 
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But if the Latitude of the Star be greater than 66 deg. 31 min · 
oo ſec. as happens to all the Stars that are ſcituated between the W- 
poles of the World and the Ecliptic, then the Caſe becomes Am- 
biguous ; and the ſame Data may be common to two Stars. 4 

by: 1 3 1 01. IE: 3 

Given the Right Aſctnſion and Longitude of a Star, together 2 

with the Obliquity of the Ecliptic, to find the Latitude and Decli- 2 
nation. : ki | | 


Pr Example. n 

The Bright Foot of Orion called Regel, being in Gemini 13 deg- A 
oo min. oo ſec. and its Right Aſcehſion being 75 deg. 20 min. 46 
ſec. I demand its Latitude and Declination, the greateſt Obliquity A 


of the Ecliptic being 23 deg. 29 min. oo ſec. ' 3} 
The Latitude is 3 x deg- #o min. 1 f ſee. South, and the Decli- 
nation is 8 deg. 33 min. oo ſec. South. | | 1 
e - 


Given the Latitude and Declination of a Star, together with the 
Obliquity of tie Ecliptic, to find its Longitude and Right Aſcenſion. 


Example. 

What is the Longitude and Right A ſnenſion of che Great Dog 
Syrius, its Latitude being 39 deg. 32 min. os {eE. South, its Lati- 
tude 16 deg- 20 min. 29 ſec. South, the greateſt Obliquity being 
fixed at 23 deg, 29 min. oo ſec. 


| | Anſuer. | Þ 75 
The Star is in Cancer 10 deg. 19 min. o1 ſec. and its Right Af 
cenſion is 98 deg. 16 min. 32 ſec. 
1 Caſe 8. 
Given the Longitude and Voce of a Stat, together with 
the Obliquity ot the Ecliptic, to find the Right Algention and La- 


titude. 
Hbhhhz | Ex. 


Sar 


— 


He 13 „„ [po 
4 | Whar is the Right Aſcenſion and Latitude of the Bright Star in 
N. the Harp, its Place being 11 deg. 27 min. 18 ſee. in Capricorn, and 
ys, its Declination 51 deg- 26 min. 58 ſec. North. e 


Anſe Wer. 8 


The Right Aſcenſion is 276 deg. 54 min. 03 fec, and the La- 
titude 61 deg- 45 min. 3 1 ſec. North. 

When the Complement of the Stars Declination is leſs than the 
Obliquity of the Ecliptic, as happens to all the Stars that are placed 
within the Artic and Antartic Cixcle, then the Solution is doubttul, 


and will give two different points in the Heavens. 


Caſe 9. 

Given the Longitude and Latitude of a Star, together with j t 
Right Aſcenſion, to find the Stars Declination and « Obliquity — 
the Ecliptic. * | | 

Example. | 

The Lyons Heart called Regulus, being in Leo 26 deg. or min. 

20 ſec. and having 148 deg-, 26 min. oo ſec. of Right Aſcenſion, 


and oo deg, 26 ſec. 38 ſec. of Northern Latitude? I 1 
Declination and the Obliquity of the Ecliptic. dgman 


Anſwer. | 
quiry of the Ecliptie is 23 deg. 29 min. oo lee, 
Caſe. ro. 


Given the Right Aſcenſion, Declination, and Longitude of a 8 
to find the Latitude and Obliquity of the 1 of a Star, 


5 Example. 
The Head of Andromeda being in Aries 10 deg. 28 m ig 53 ſec. 
its Right Aſcenſion being 358 deg. 33 min. 20 ſec. and having 27 


deg- 34 min. 12 ſec. Norti Declination. I demand its Latitude 
and the Obliquity of the Ecliptic. © 


3 | Arſwer. FM 
Its Latitude is 25 deg. 41 min- or ſec North, and the Obliquity 
of the Ecliptic 23 deg- 29 min · oo ſec. And 
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Auch alcho the 34; 4th; gh, and 10th Cafes are doubtful or bot 
doubrful, (according as che given Numbers when compared one 
wick another, ate greater or leſſer than each other) conſidered as a 
Spherical Triangle, yet as applied in this Problem they are all limited, 
becauſe the diſtante between the two Poles or Obliquity of the E- 


2 
FA 


cliptic, is always a conſtant Quantity, 14 
By comparing together the Places of the fixed Stars, deduced from 
Obſervations made at diſtant Times, it has been found that the 
Stars move with a conſtant, regular, uniform Motion in Circles 
Parallel to the Ecliptic, whence it comes to r that they alter their 
Longitudes equally, and always keep the ſame Latitude; this An- 
nual Motion of the fixed Stars has been determined by Mr. Ham- 
ſteed, to be 50 Seconds of a Degree, and conſequently each Star in- 
creaſes its Longitude One Degree in 72 Years ; hence the firſt Star 
of Aries which according to Mr. Flamſteed's Catalogue in the Year 
1700, was in Aries 28 deg. 59 min. 20 ſec. 387 Years before Chriſt, 
that is, about 247 Years before Hipparchus's Time; it was in the firlt 
point of Aries, and at the beginning of the 1-9th Century it will be in 
Taurus, 22 min. 40 ſec. and at the end of 25920 Years, it will 
return to the felt {ame place of the Heavens it was at the Commence- 
ment of that Time, always keeping at the diſtance of 82 deg.” 5x: 
min. 02 ſec. according to the Flamſteedian Catalogue from the No- 
thern Pole of the Ecliptic. Ct oy on 
After the ſame manner it will be found that the Pole Star which- 
in the Year 1690 was in Gemini 24 deg. 14 min. 41 ſec having 65 
deg. 54 min. 11 ſec. North Latitude, at the diſtance of 414 Years, 
or in the Year 2104, will be upon the Summer Solſtice; at which 
Time its diſtance from the North Pole will be but 26 min. 41 ſec. and 
that at the end of 12960 Years after that, or in the Year 15064 (if the 
World continue ſo long) it will be gotten upon the Minter Solſtice; 
when its diſtance from the North Pole wilf be 47 deg. 24 min. 49 ſec.. 
Hence the Longitude and Latirnde of a fixed Star being given, its 
place in the Heavens at any Time may be eaſily found, and thence 
its Right Aſcenſion and Declination, by the 2d Caſe gt the preceding 
Problem. „ * 
This equable and uniform Motion of the fixed en igCircles pa- 
rallel to the Ecliptic, muſt neceffatily by Reaſon of the Incl ination 
of the Planes of the Ecliptic and quator, cauſe an unequal and ir-- 
regular Motion of the ſame Star with regard to the Equator; and 
mult neceffarily cauſe an unequal Variation, of both Right Aſcenſion 
* an & 
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and De{lination of every fixed Star, and conſequently of the ſame Stat 
at different periods of Time, and therefore Afronomers to render 
their Catalogues as ready for Uſe as might be, were wont t6 Cilcu- 
late the Right Aſcenſion and Declination of ſome of the Principle 
fixed Stars, at the diſtance of 50 or 100 Years from their places a 
that Time, and by ſuppoſing the Stars that lay nearly in the ſame 
rt of the Heavens with theſe, to have the ſame Variation of Kight 
Aſcenſion and Declination, they could readily pronounce the new 
Right Aſcenſion and Declination of any of the Stars in their Cata- 
logue, without the trouble ot a new Calculation; but this Method 
after that period of Time requiring a new Calculation, and in the 


| 8 | mean Time rendering it ſomething difficult and troubleſome to Per- 
8 ſons not well skill'd in theſe Matters, to find out proper Stars to 

{£5 compare the ſmall Stars with, and at the beſt but uncertain ; 
* Mr. Hamſteed whoſe utmoſt View was to render every thing that he 


undertook as eaſy and ready for Uſe as might be, and whole happy 
Genius always rendered his good Endeavours ſucceſsful, Contrived 


and Calculated Tables to ſhew the Variation of Declination and 

Z Right Aſcenſion of every point ef the Heavens, ſuppoſing it to have 

> altered one Degree of Longitude," and has to every fixed Star in his 
A Catalogue, added the Variation of Right Aſcenſion and Declination 
. of that Star, during the time that it alters its Longirude one Degree, 
4 or according to the forementioned Period of one Degree in 72 Years, 
1 and by entering the ſame Table after the Fxpi ration of that time, 
| * with the new Longitude and the ſame Latitude of the Star, the Vari- 
N ation of Right Aſcenſion and Declination of the ſame Star may be had 
1 for the next 72 Years, whence the Right Aſcenſion and Declination 
6 4 of the ſame Star being once known or given, its Right Aſcenſion for 
. any time, either paſt or to come, may be had by Inſpection only, 
1-0 without the help of any new Calculation; which Contrivance of 
. = Mr. Flamſteed, together with'the great Degree of Exactneſs to which 
1:8 he has determined the Places of all thè fixed Stars and their Num- 


ber, has rendered his Catalogue the largeſt, exacteſt, and moſt. 
uſeful Catalogue that the World ever ſaw. i 

And altho' the Variations of the Right Aſcenſion and Declination 
are unequal, yet as the Stars ate carfled about the Pole of the Eclip- 
tic in a progrefiive Motion, the Right Aſcenſion of every Star 
muſt conſtantly increaſe, while all thoſe Stars that lye between Ca- 
* pricorn and Cancer, conſtantly approach nearer to the North Pole, 
1 and conſequently receed farther from the South Pole; as on the 
| * | con- 
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* - 23. 4 . , | 
rary » all he Stars that are ſcituated between Canter and Capri 

9% Ye UE receed from the North Pole and approach . | 
to the South Pole; as is obvious to any one who has but the leaſt 
Idea of the Heavens ; whence it comes to paſs that tho' the Stars 
alway retain the W their Declinations conſtantly 
yary, and a Star that has North Declination may come to have South 
Declination, as 2 Star that is on the Northern Side of the Equator, 
in proceſs of time may arrive on the South Side. 


Prob. l. 


Given the Meridional Altitude of an unknown Star or Planet, 
and ics diſtance from a known Star, to find the unknown Stars Right 
Aſcenſion, Declination, Longitude and Latitude. . 

Ny Exampy, ” 

At the Royal Obſervatory at Greenwich, on the 11th of February 
in the Year 1690, the Meridian Altitade of Regulus or the Laon: 
Heart (Allowance being made for theRetra&ion) was found to be 
51 deg. 58 min. 50 ſec. and on the 7thof April in the Year 1682, 
its diſtance from, Arcturus was obſerved to be 59 deg- 46 min. 50 
ſec. and in Antecedence, I demand the Right Aſcenſion, Declina- 
tion, @c. of Regulus, the Right Aſcenſion of Arcturus in the Year 
1690, being 210 deg. 22 min. 3o ſec, and its diſtance*from the 
Northern Pole 69 deg. 11 min. oo ſec. | 

The eaſieſt Conſtruction is after the following manner: 


Conſtruttion. 
1. Draw the Meridian LO NH, 


the Hertzch 410, and at Rigbe- 
angles to it che Prime Vertical Z N. 


2. Set᷑ off the Latitude ↄf the OIl- 
ſervatory n deg. 29 min. zo lec- 
from O to P, and draw the Axis PS, 
and at Rigfit- angles to it the Equa- 


tor A . 


3. Set off 51 deg. 58 min. 50 ſec. 
the Meridian Altitude of Regulus 
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front H to R, and about the point &. or place of Regylis as 2 Pole, 


deſcribe à Small Circle $ c, (by :Caſe the 24 of Problem the 4th, of 
Seſtion the 2d of Part the 4th) at the diſtance of 59 deg. 46 min. 50 
ſec. equal to the diſtance bet ween the two Stats. 
4. About the Pele Þ deſcribe the Small Circle æ9, (by the ſame 
Caſe) at the diftance of Arcturus from the Pole, equal to 69 deg, 
11 min. oo ſec. where this interſects the former Small Circle in 
the point a, it will-give the place of Arcturiu, thro which point and 
the Poles P and S, if a Circle of Right Aſcenſion P S be drawn, 
the thing is done; and the Angle 4 the difference of Right Aſ- 
cenſion between Regulus and Artur, way be meaſured by Caſe the 
2d of Problem the lot, of Section the 2d of Part the 4th, and the 
Arch A R the Declination of Regulus, in this Caſe North, may be 
meaſured by the Line of Chords.. , | | 

| | The Solution by Calculation. 

t. To find the Declingtiotſof the Star, or its diſtance from the 

Pole. 2 4 : 7] 0 


From the Meridian Altitude H R equal to 51 deg. 58 min. 50 


ſec. take H A, the Complement of the Latitude of the Obſervatory, 
equal to 38 deg. 31 min. 3oſec. che Remainder 13 dep. 27 min. 20 


- ſec. will be the Stars Declination, in this Caſe North, (becavſe tlie 


Stars Meridional Altitude is more than the Complement of the La- 
titude) and this taken from go Degrees, will leave 76 deg. 32 min, 
oo ſec. for its diſtance from the Pole. Or, 

To Z R the Stars Meridional Zenith-diſtance, equal to the Com- 


plement of the Meridional Altitude, equal to 38 deg. o1 min. 10 ſec. 


add Z P, equa! to the Complement of the Latitude of the Place, 

equal to 38 deg. 31 min. 30 ſec. the Sum 76 deg- 32 min. 40 ſec. 

equal to PR, will be the Stars diſtance from the Pole, the ſame as 
before found; whence to find the Difference between the Right 

Aſcenſions. . | | 6 

In the Oblique-angled Spherical Triangle RP & are given, RP 

76 32 min. 40 ſec. the diſtance of Regulus from the Pole, the 

Arch F gg deg. 11 min. oo ſec, the diſtance of Arcturus from the 
Pole, and Re 59 deg. 46 min, 50 ſec- the conſtant diſtance between 
the two Stars, whence to find the Angle R Pa, the difference be- 
tween the Right Aſcenſion, from half the Sum of the three Arches 
equal to 102 deg. 45 min · 15 ſec. take the conſtant diſtance between 
the two Stars or Arch Ra, 5 deg. 46min · 5 oſec. and the Remainder 
will be 42 deg. 58 min. 25 ſec. then according to the 11th Caſe of 
Oblique angled Spherical Triangles. To 
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To the Arith. Comp. of the Sine Pr equal to 76.3 2.40 0 0120878 
Add the Arith- Comp. of the Sine of P 4 69.11.00 0.0293 174 


Alſo the Sine of the half Sum 102. 4.15 —— 99891499 
And the Sine of the Remainder 42.58.25= — 9.8335687 
Half the Sum of theſe four Sine. — 19.864238 
will be the Co- ſine of 31 13-10 which being doubled — 
will give 62.26. 20 for üũł]?:,æ̃ͤ — — — 9.9329619 - 


The Difference of the Right Aſcenſions between the two Stars 
or Angle r P 43 this therefore being ſubſtracted from the Right Aſ- 
cenſion of Arcturus 210 deg.” 22 min. 30 ſec. becauſe Arfturus is in 
conſequentia of Regulus, will leave 147 deg. 56 min. 10 ſec. for the 
Right Aſcenſion ot the Hon 's Heart. | 

Wherefore according to this Calculation, the Right Aſcenſion of 
Regulus in the Month of February in the Lear 1690, is 147 deg. 
56 min. 10 ſec. and its diſtance from the North Pole 76 deg. 32 min. 
40 ſec. and after the lame manner may the Right Aſcenſion of any 
other Star, from its Meridional Altitude and DiſtMce from a known 
fixed Star be found, whence the Longitude and Latitude may be in- 
veſtigated by the 2d Caſe of the preceding Problem. 

Here follow a few Examples to Exerciſe the Learner. 


A 


Example 1. ; 


On the 1toth of February 1678, at 17h. 26m- at theQbſervatory at 
Greenwich, the diſtance between Arcturus and the Northermo 
the two preceding Stars in the Square of the Great Bear was found 
to be 53 deg. 48 min. 45 ſec. in Antecedence, and on the 14th of 
February 1690, the greateſt Meridian Altitude of the ſame Star in 
the Great Bear was obſerved 78 deg 03'min. 20 ſec. the Star then 
appearing to the Northward of the Zenith, at which time the Right 
Aſcenſion of Acturus was 210 deg. 22 min. 30 ſec. and its di- 
ſtance from the North Pole 69 deg. 11 min. co ſec. I demand 
the Right Aſcenſion, Declination, &c. of the Star in the Back of the 
Great Bear. | 
e | Anſwer. | 

The Right Aſcenſion is 161 deg. 02 min. 30 ſec. the Declinati- 
on 63 deg. 25 min. 10ſec. the. Longitude Leo 10 deg. 49 min. 85 


fee. the Latitude 49 deg. 40 min. os fec. North. | 
Ji: Op 
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Example 2. | 
On the 9th of March 1688, at Greenwich, the diſtance between. 
Arfturus and the Tail of the Lyon was found byObſervation to be 33 
deg. 21 min. 40 ſec. the Lyons Tail being in Antecedence to Arcturus, 
and on the gth of April x6go, the Meridian Altitude of the Lyons 
Tail was determined to be 54 deg. 49 min. o5 ſec. at which time 
the Right Aſcenſion of Arcturus was 210 deg. 22 min. zo ſec. and 
its diſtance from the North Pole 69 deg. 11 min. oo ſec. I demand 
the Right Aſcenſion and Declination, Cc. of the Lyons Tail. 


Anſwer, 


The Right Aſcenſion is 173 deg. 18 min. 10 ſec. the Declinati- 
on 73 deg. 42 min. 25 ſec- North, the Longitude Virgo 17 deg. 


19 min- 14 ſec. and the Latitude 12 deg, 16 min. 51 ſec North, 


Example 3 

On the 17th o February 1678, at Greenwich, the diſtance be- 
tween the Southermoſt of the two preceding Stars in the Square ol 
the Great Bear and Arcturus, was found to be 51 deg. 33 min. 10 
ſec. the Star Arcturus being in Conſequence, and on the 1/2 of July 
1690, the Meridian Altitude of Artturus was found by Obſerya- 
tion to be 59 deg. 20 min. 3o ſec. at which time the Right Aſ- 
cenſion of the preceding Star in the Bears Side was r6o deg. 42 
min. zo ſec. and its diſtance from the North Pole 31 deg. 58 min, 
oo ſec. I demand the Right Aſcenſion and Declination of Arcturus. 


| Anſwer 2 a 
The Right Aſcenſion of Arcturus is 2 10 deg. 22 min. 30 ſec · its 
diftance from the North Pole 69 deg. 11 min. oo ſec. its Longitude 


Libra 19 deg. 53 min. 52 ſec. and its Latitude 30 deg- 57 min. oo 
ſec. North. | a 
| Example 4. 

On the 9th of March 1688, the diſtance between the Joynt of the 
Southern Wing of the Virgin and Arcturus was meaſured and found 
to be 39 deg. 42 min · 10 ſec- the Star in the Virgins Wing being in 
Antecedence, and on the 13th of November 1690, the Meridian 
Altitude of the Star in the Virgin. Wing was taken and found 
to be 42 deg. oi min. 25 ſec. the Righ® Aſcenſion of Arfurus 

| at 
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at that time being 210 deg. 22 min · 30 ſec. and its diſtance from the 
Northern Pole 69 deg. 11 min. oo ſec. I demand the RightAſcenſion, 
Declination, &c. of the Star in the Virgin Wing. 


Anſwer. 


The Right Aſcenſion is 173 deg. 37 min. 10 ſec. the Declinati- 
on 03 deg. 29 min. 55 ſec- North, the Longitude in Virgo 22 deg. 
46 min. 14 ſec. and Latitude oo deg. 47 min, 47 ſec. 


Example 5. | 

On the 19th of October 1697, at Greenwich, the diſtance between 
the Left Shoulder of Auriga and Aldebaran, or the South Eye of the 
Bull, was found by Obſervation to be 33 deg. 24 min. 30 ſec. the 
Bulls Eye being in Antecedence, and on the ſame Night the Meri- 
dian Altitude of the Left Shoulder of Auriga was found to be 83 
deg. 23 min. 30 ſec. at which time the Right Aſcenſion of Alde- 
baran was 64 deg. 39 min. 08 ſec. and its diſtance from the North- 
ern Pole 74 deg 10 min. 47ſec. I demand the Right Aſcenſion, 
Cc. of the Left Shoulder of Auriga. 


. Anſwer. | Ky 

The Right Aſcenfion of the Left Shoulder of Auriga is 84 deg. 

21 min. 15 ſec. its Declination 44 deg- 52 min. 16 ſec. North, its 

' Longitude is Gemini 25 deg. 42 min, 12 ſec. and its Latitude 
21 deg 28 min. 20 ſec · North. | .» 


Example 6. 


On the 19th of October 1697, at the ſame Place, the diſtance be- 
tween Pollux and the ſame Star in the Shoulder of Auriga, was found 
to be 26 deg. 59 min. 15 ſec. the Left Shoulder of Auriga being in 
Antecedence of Pollux, and the ſame Evening the Meridian Altitude 
of the ſame Star was found to be 83 deg. 23 min. 30 (ec. at which 
time the Right Aſcenſion of Pollux Was 111 deg- 41 min. 28 ſec. 
and its Declination 28 deg. 42 min. 55 ſec. North. I demand the 
Right Aſcenſion and Declination of the Left Shoulder of Auriga. 


The Right Aſcenſion is 84 deg- 21 min; 15 ſec. its Declination 
44 deg. 52 min. 16 ſec. North, its Longitude Gemini 25 deg. 42 


min. 43 ſec, Cc its Latitude 21 deg- 28 min. og ſec: North; 
Tiiii 2 Prob. 
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difference of the Right Aſcenſion of Arcturus and the Mid- Heaven 


455 | Aſtronomical Problems. 
Prob. III. 


The Altitude of an unknown Star or Planet taken at any time 
together with its diſtance frem a known fixed Star being given, to 
find the Right Aſcenſion, Declination, Longitude and Latitude of 
the unknown Star or Planet. | 
i Example. 


In the Year 1688, on the th of March, at 9h. 12 min. P. M 
the Altitude of the Star in the Extremity of the Left Ving of the 
Virgin was found to be 33 deg- 40 min. 25 ſec. and at the ſame time 
her diſtance from Arcturus was meaſured 39 deg. 42 min. 10 ſec. 
in Antecedence, the Right Aſcenſion of Arcturus at that time being 
210 deg. 21 min. os ſec. and its diſtance from the North Pole 69 
deg. 10 min. 26ſec. I demand the Latitude, Longitude, Right 
Aſcenſion and Declination of the Star in the Joynt of the Left Ming 


of the Virgin. 
Couſtruction. 


The Sun's Right Aſcenſion at the time of the Obſervation was 
oo h. oo m. 43 ſec. this taken from the Right Aſcenfion of Arfurus 
14 h. ox m. 24 f. will leave 14 h. oo m. 411. for the time of the Cul- 
mination of Arcturus, from which taking away 9 h. 12 m. oo. the 
time given, the Remainder 4 h. 48 m. 41 ſec. equal to 72 deg. 10 
min. 15 ſec. will be the Angle Z Pa, or difference of Right Aſcen- 
ſion between Arcturus and the — Heaven. | 

| Dr, , 
To the Sun's Right Aſcenſion oo h. oo m. 43 ſec. add the 7 
Hour 9 hou- 12 m. oo ſ. the Sum 9 h. 12 m. 43 ſ. will give the Right 
Aſcenſion of the Mid- Heaven which taken from the Right Aſcen- 
fion of Arcturus 14 hou. o1 min. 24 ſec. will leave 4 h. 48 m. 41 f. 
equal to 72 deg. 10 min. 15 ſec forthe Difference. Wherefore, 

1. Having drawn the Meridian Z ON H. the Herizon HO, 
and at Right- angles to it the Prime Vertical Z N, ſet off the Lati- 
tude of the Place 51 deg. 28 min. 30 ſec. from O to , and draw 


the Axis PS, and at Right- angles to it the Equator 4 Q. 


2- Thro' the Poles P and S draw the Circle of Right Aſcenſion 
Pa 5, forming an Angle of 72 deg- 10 min. 15 ſec. equal to the 


by 
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by Caſe the 3d of Problem the ih of 
Seftion the 2d of Part the 4th, and z 
lay off 69 deg. 10 min 26 ſec. the 
diſtance of Arcturus from the Pole, 
from P to 4, by Caſe the 3d of Pro- 
blem the 6th ob the ſame Section, then 
will z repreſent the place of Arcturus. 


3. About the point © as a Pole, 
deſcribe a Small Circle at the diſ- 
tance between the two Stars, equal 
to 39deg 42 min, 10 ſec. by Caſe 
the 3d of Problem the 4th, of Sec- 
tion the 2d of Part the 4th, and about the point Z as a Pole, de- 
{cribe a Small Circle at the diſtance of 56 deg. 19 min. 35 ſec. the 
Complement of the Altitude of the unknown Star, by the 24 Caſe of 
the ſame Problem, where theſe two Small Circles interſe& as in 3, it 
will give the place of the unknown Star, and the Angle p the dif- 
ference of the Right Aſcenſion between Arfurus and the unknown 
Star, may be meaſured by Caſe the 3d ot Problem the 10th, of Sec-- 
tion the 2d of Part the 4th, and the Arch Þ 3 the diſtance of the Star 
from the North Pole, or Complement of the Declination, may be 
meaſured by Caſe the 3d of Problem the 7th of the ſame Section. 


. Logarithmically, or by Calculation. 
1. In the Oblique-angled Spherical Triangle Z P& are given ZP, 
equal to the Complement of the Latitude of the Places, equal to 38 
deg 31 min. 30 ſec. P = equal to the diſtance of Arcturus from 
the Pole, equal to 69 deg 10 min. 26 ſec and the Angle Z PA 
equal to 7 deg. 10 min 15 ſec equal to the difference of the 
Right Aſcenſion between Arcturus and the Mid Heaven; whence to 
find firſt Z a equil to the Zenith diſtance of Arcturus, it will be by 
the 1oth Caſe of Oblique- angled Spherical Triangles (having firſt con- 
ceived a Perpendicular to be let fall from Z upon P S, and which is 
omitted to avoid Confuſion) 
As R: cs, Z Pa: : t, Z Pt, ef aqth Arch; that is, 
As the Radius — — — 1o.ooooooo 
To the Co- ſine of the Diff of R A 72.10 15 — 94859767 
So is the Co-tangent of the Latitude 5 x 28:30 - 9 9009941 


To the Tangent of a 40 Arch 13.41,58; —— ——— 9.3869708 


a 


Lu enero Be ones, he 


This 


— 
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This foutrh Arch 13 deg. 41 min. 58 ſec. 2, taken from the di- 
ſtance of Arcturus from the Pole, 69 deg. 10 min. 26 ſec. will leave 


55 deg. 28 min. 27 ſec 7 for a fifth Arch. Wherefore again, 


As cs, 4th Arch: cs, 5th Arch: : cs, PZ: cs,47Z ; that is, 


As the Co-ſine of the 4th Arch 13-41.587 ——————9.9874655 
To the Co-ſine of the 5th Arch 55 28 294 —————g 7534121 
So is the Sine of the Laticude 51.28.30 —D-————9.5933936 


To the Co-fine of Z 4 the Zenith diſtance 62.50.43 5.6 593402 


Again, to find the Angle Z 2 P, it will be by the latter part of 


the 9 Caſe of Oblique-angled, Oc. 


As the S. 5th Arch: S. 4th: : t. CZ. Pa: t, Z =P; that is 
As the Sine of the 5th Arch 55. 28.271 — 99158594 


To the Sine of the 4 Arch 13.41.58 9.374449 


So is the Tangent of Diff. of Right A ſcenſion 70. 10. 15 10.492648 


—_— 


CC - — 


To the Tangent of the Angle Z 2 0 41-47-233 9.95 12306 
2. In the Oblique-angled Spherical Triangle Z 3 « are given Z 3 
the Complement of the Altitude of the unknown Star, 56 deg. 19 
min. 25 ſec. 3 « the diſtance of the two Stars, 39 deg. 42 min. 
10 ſec. and Z æ the Zenith diſtance of Arſturus before found, 62 deg. 
50 min- 43 ſec. f, whence to find the Angle Z a6, (by Caſe the 11th 
of Oblique-angled Spherical Triangles) from half the Sum of the three 
Sides equal to 79-deg- 26 min. 14 ſec. 4, take the Zenith diſtance 
.of the unknown Star 56 deg. 19 min- 35 ſec. and the Remainder 
will be 23 deg. os min. 39 ſec. ; then, 1 
To the Arith- Comp. of the Sine of Ba 3944 2-10 wm 0-19463 20 
Add the Arith. Comp. of the Sine of Z < 62.50-435 —0· 0507184 


— 


Alſo rhe Sine of the half Sum 79-26-14; —— 9'9925780 
And the Sine of the Remainder 23-06- 391 — —— 3 24 
Half the Sum of theſe four Sine — c — 198317808 
Will. be the Co- ſine of * —9 9158904 


Wnich 
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ich being doubled, will give 69 deg, 03min. 3 2 ſec. for the 
7 2 FT this therefore added to the Angle Z a el found; 
equal to 41 deg. 47 min. 23 ſec. 3, will give 110 deg- 50 min. 55 
ſec, 2, for the Angle P45. | 
3 In the Obtique-angled Spherical Triangle Pas are given, P 
the diſtance of Arcturus from the Pole 69 deg. 10 min. 26 ſec. 3. 
the diſtance between the two Stars, 39 deg. 42 min · 10 ſec. and 
the Angle contained P <5 before found, equal to 110 deg- 50 min. 
55 lec- 7, whence to find firſt the Angle þ Pa, the Difference of 
Right Aſcenſion between Arcturus and the unknown Star, it will be 
by the geh Caſe of Oblique-angled, &c- having firſt imagined {a Per- 
pendicular let fall from & upon P « produced. 
er As R: cs, Pa B: : t,Þ«:;t;6th Arch; that is, | 
As the Radius | - — 1 0,0000000 


To the Co- ſine of Pa x 10. 0.5 54 — 9.513321 
So is the Tangent of 6 the Diſt. &c. 39:42:10 — 99192339 


To the Tangent of a 6th Arch 16.27.43 — 94705660 

This 6th- Arch 16 deg- 27 min · 45 ſec. ], added to P « the diſ- 
tance of Arcturus from the Pole 69 deg. 10 min. 26 fec- will give 
$5 deg. 38 min. II ſec. 5 for a ſeventh Arch, whence to find the 
Angle Þ P a, it will be 3 

A S. 7th Arch: S. 6th Arch: : t, 62 ph: t, 6 Pe; that is, 

As the Sine of the 7th Arch 85.38.11+ ——— 99987393 
To the Sine of the 6th Arch 16.27.4527 94523810 

So is the Tangent of the Angle 84 P 110. 50.5 54 — 104192579 


To the Tang. of the Diff. of Right Aſcenſion 36.43. 581 9 8728996 


This Angle 36 deg. 43 min. 58 ſec. 3, taken from 210 dep. 21 
min. oo ſec. the Right Aſcenfion of Arfurus, becauſe the Star is 
in Antecedence to Arfurus, will leave 173 deg 37 min, o ſec. 4, 
for the Right Aſcenſion of che unknown Star. 

Again, to find its diſtance from the North Pole, it will be by the 


latter part of the i Caſe of Qblique angled, &c. 
| r the. * 


As the Co · ſine of the 6th Arch 16.27.45. 9:9818210 


So is the Co- ſine of the Arch of diſtance 39-42-10 
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As cs, of the 6th Arch: cs, 7th Arch: : c, 64: cs, P 3 ; that is, 


To the Co-ſine of the 7th Arch 85.38.1157 — 4 8.8812891 
98861344 


To the Co · ſine of the diſtance from the Pole 86.30 2 8.7856025 


. 
" "= 


-  Whence it appears that the Right Aſcenſion offthe Star in the 
Joynt of the Left Wing of the Virgin is 173 deg. 37 min. oi ſec. and 
its diſtance from the North Pole 86 deg. 30 min. on ſec. and con- 
ſequently its Declination is 3 deg. 29 min. 58 ſec. North. | 
The Right Aſcenſion and Declination being thus obtained, the 
Longitude and Latitude may be found by the 1/2 Prob. of this Section. 

If inſtead of the Hour of the Night the Altitude of Ar&arus 
had been given, then in the Obliquie-angled Spherical Triangle Z % « 
are given Z P the Complement of the Latitude of the Place 5 x deg, 
28 min. zo ſec. the Complement of the Declination, or diſtance 
from the Pole of Arfurus 69 deg- 10 min. 20 ſec. and Z * the 
Complement of the Altitude of Artturus 27 deg. og min. 16 ſec. 3 
before found ; whence by the 11th Caſe of Obligue- ang led Spherical 


Triangles, the Angle P Z will be found to be 41 deg, 47 min. 23 


ſec.3. And again, 5 

In the Obiique-angled Spherical .Triangle Z 5 are given, Z 4 
the Complement of the Altitude of Arcturus, 27 deg. og min. 16 
ſec.2, Z 5 the Complement of the Altitude of the unknown Star, 
33 deg- 40 min. 25 ſec. and the Arch 64 the diſtance between the 
two Stars 39 deg- 42 min. 20 ſec- whence by the 11th Caſe of O- 
blique-angled Spherical Triangles the Angle Z ae will be found to be 69 


deg. 03 min, 32 ſec. which being added to the Angle P. before 


found, will give 110 deg. 50 min. 55 ſec.;, for the Angle PAE: 
Laſtly, in the Triangle Ps are given, P the diſtance of Arfurns 
from the North Pole 69 deg. 10 min. 26 ſec. the Arch Þ = the con- 


+ ſtant diſtance between the two Stars, and the contained Angle P « 3 


before found 110 deg. 30 min. 55 ſec. 3, whence by the 10th Caſe 
of Oßbligue, &c- the Arch P # the diſtance of the unknown Star from 


the North Pole, will be found to be 86 deg- 30 min. 02 ſec. and by 


the th Caſe of the ſame, the Angle ⸗ P: the Difference between the 
Right Aſcenſion of Arcturus and the unknown Star will be found to 
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be 36 deg." 43 min. 58 ſec. 7, this therefore taken from the Right 
Aſcenſion of Arctuſm 210 deg. 21 min. oo ſec. becauſe ArGurus 
is in Conſequence of the unknown Star, will leave 173 deg. 37 min. 
o1 ſec. for the unknown Stars Right Aſcenſion, whence the Longi- 
tude and Latitude may be inveſtigated bythe firſt Problem. 


Example 2. 


In the Year 1682, on the 7th of April, at 9 h. 41 m. oo ſec. at 
Greenwich, the Altitude of the Lyon's Heart was found by Obſerva- 
tion to be 45 deg. 40 min. 55 ſec. its diſtance at that time from 
Arcturus being 59 deg- 46 min. ooſec. in Antecedence, now the Right 
Aſcenſion of Ariturus at that time being 210deg.. 16 min. 54 
ſec. and its diſtance from the North Pole 69 deg. 08 min. 43 ſec. 
I demand the Latitude, Longitude, Right Aſcenſion and Declina- 


tion of the Hens Heart Regulus. 
92 Anſwer: d; hs 
The Right Aſcenſion of the Lyons Heart Regulus at that time was 
147 deg. 44 min. 43 ſec. its Declination 11 deg. 31 min. 41 ſec. 
North, its Place was in Leo 25 deg. 24 min. 40 ſec. and its Lati- 
tude oo deg. 25 min. 38 ſec. North. | bitk 
Example 3. 


At 9 h. 46 m. oof. on the 7th of April, in the Year 1682, the 
Altitude of the Hon s Tail was found by Obſervation to be 54 deg. 
51 min. 35 ſec- its diſtance from Arcus us being 35 deg. 21 min. 
40 ſec. in Antecedence, the Right Aſcenſion of Arcturus at that 
time being 2 10 deg. 16 min. 54 ſec. and its diſtance from the Nor- 
thern Pole 69 deg. 08 min. 43 ſec. I demand the Right Aſcenſion 
Declination, ©. of the Star in the Lyon's Tail. 


Anſwer. 


The Right Aſcenſion is 173 deg.” 11 min. 58 ſec. its diſtance 
from the North Pole 73 deg. 39 min. 47 ſec. and conſequently its 
Declination 1s 16 deg. 20 min. 13 ſec. North, its Place is in Virgo 
17 deg. 12 min- 34 ſec. and its Latitude 12 deg. 16 min. 51 ſec. 
North. | | 
Example 4. 
In the ſame Year on the ſame Day, and at the ſame Place, at 
9 h. 37 m. oof, the Altitude of the middlemoſt Star of the three 
KRkkkk in 
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n the Neck of the Hon, was found to be 56 deg. 13 min. oo {ec 
and its diſtance from Arcturus 55 deg. 19 min. 25 ſec. in Antece- 
dence, nowthe Right Aſcenſion of Arcturus being 210 deg- 16 min. 
54 ſec · and its diſtance from the North Pole 69 deg. 08 min. 43 ſec. 
I demand the Right Aſcenſion, Declination, &c. of the unknown 
or middlemoſt of the three Stars in the Neck of the Jyon. 

Anſwer. : 


— 


The Right Aſcenſion is 150 deg- 35 min. 14 ſec. its diſtance 


from the North Pole 68 deg. 34 min. 35 ſec. and conſequently its 
Declination is 21 deg- 25 min. 25 ſec. North, its Place is in Leo 25 


deg. 08 min. 25 ſec, and its Latitude 8 deg. 47 min. 27 ſec. North, 


Example 5. 


In the Year 1678, on the 10th of February, at 17 h. 44 m. the 
Altitude of the Southermoſt of the two preceding Stars in the Square 
of the Great Bear was found to be 45 deg. 56 min. 20 ſec. and its 
diſtance from Arcturus 51 deg. 33 min. 10 ſec. in Antecedence, now 
the Right Aſcenſion of Arcturus at that time being 210 deg. 14 min. 
os ſec. and its diſtance from the North Pole 69 deg. o/ min. 34 ſec. 
I demand the Right Aſcenſſbn, Declination, &c. of the ſuppoſed - 
unknown, or Southermoſt of the two preceding Stars in the Square 
of the Great Bear. 
: | Anſwer. 1 wy 
The Right Aſcenſion is 160 deg. 31 min. 13 ſec- its diſtance from 
the North Pole 31 deg. 54 min. 14 ſec. and conſequently its De- 
clination is 58 deg, of min. 46 ſec: its Place is in Leo 14 deg. 
54 min. 22 ſec. and its Latitude 45 deg. os min. 16 ſec · North. 


E xample 6. 


In the ſame Year on the ſame Day, and at the ſame Place, at 
17 h. 34 m. the Altitude of the Star in the Root of the Great Bears 
Tail, was found to be 57 deg. 20 min: 35 ſec. and its diſtance from 
Arcturus 43 deg. 46 min. 50 ſec- now the Right Aſcenſion of Ardtu- 
' rus at that time being 210 deg. 14 min. os ſec. and its diſtance ' 
from the North Pole 69 deg. 07 min. 34ſec. I demand the Right 
Aſcenſion, Declination, Cc. of the Star in the Rooz of the Great 


Bears Tail. 9 
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Anſwer, , 


Its Right Aſcenſion is 179 deg. 50 min. 50 ſec. its diſtance from 
the North Pole, is 31 deg. og min. 16 ſec. and conſequently its 
Declination is 58 deg- 50 min. 44 ſec. North, its Place is in Leo 
26 deg. 30 min. 40 ſec, and its Northern Latitnde 51 deg- 39 min. 


36 ſec. | 
Prob. IV. 


| Given the Longitude and Latitude of two fixed Stars, together 
with the diſtance ot a third fixed Star or Planet, from each 42 
to find out the Longitude and Latitude of that fixed Star or Planet 


| Example. 

On the roth of Pebruary, 1678, at 17 h. 44 m. at the Royal Ob- 
ſervatory at Greenwich, the diſtance between Arcturus and the South- 
ermoſt of the two E Stars in the Squarezot the Great Rear, 
(commonly called the Guards or Pointers) was meaſured by a large 
Sextant, and found to be 51 deg. 33 min. ro ſec. and on the 7th 
of April 168 2, at 9 h. 41 m. the diſtance of Arcturus from the 

Lyon s Heart Regulus was meaſured by the ſame Inſtrument and found 
to be 59 deg. 46 min. oo ſec. now the Lyor's Heart being in Leo 25 
deg. 24 min. 40 ſec. and having oo deg. 26 min. 38 North Lati- 
tude, at the time of the laſt Obſervation, and the Southermoſt of 
the two preceding Stars in the Square of the Great Bear being at the 
ſame time in Leo 14 deg. 57 min. 32 ſec. and having 45 deg. o6 
min. 16 ſec. North Latitude. I demand the Longitude and Lati- 
| tude of Artturus- 

The Stereographic Solution upon the Plane of the Solftitial Colure, 
1. Having drawn the Solſtitial | 
Colure P QS A, the Equator AQ, 
and at Right- angles to it the Equi- 
noctial Colure P 5, ſet off the O- 
bliquity of the Ecliptic 23 deg. 29 
min. oo ſec. from A to S, or from 
© to w, and draw the Ecliptic 
, and at Right-angles to it 
its Axis 7 ©, 


2. Thro' the Poles of the Ecliptic 


7 and e, draw the Great Circle 2 8, 
Kk KKK 2 form- 
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forming an Angle with the Solſtitial Colure of 44 deg. 57 min 30 
ſec. equal to the Difference of Longitude between che Solſtitial point 
, and the Southermoſt of the two preceding Stars in the Square of 
the Great Bear, by Caſe the 3d of Problem the 9th, of Section the 2d 
of Part the 4th, and lay off upon it from 7 to 5 44 deg. 53 min. 44 
ſec. the Complement of the Latitude of the ſame Star, by Caſe the 
2d of Problem the 6th of the ſame Section, then will # repreſent the 
Place of this Star in this Projection; alſo thro* the ſame Poles 7 and 
, draw the Great Circle 7 e, forming an Angle with the Sol- 
ſtitial Colure of 55 deg. 24 min. 40 ſec. equal to the Difference of 
Longitude, or Angle which the Circle of Longitude paſling thro' the 
Lyon s Heart Regulus, forms with the Solſtitial Colure, by Caſe the 
3d of Prob. the 9th, of Section the 2d of Part the 4th, and lay off up- 
on it from ⁊ toy, 86 deg. 33 min. 22 ſec. the Complement of the 
Latitude of Regulus, by Caſe the 3d of Problem the 6th, of the ſame 
Section, then will * repreſent the Place of the Hon's Heart in this 
Projection. LSE : | | 
3. About the point - draw a Small Circle at the diſtance of 5 1deg. 
33min. 10 ſec. equal to the diſtance between theSouthern of the two 
preceding Stars in the Square of the Great Bear, by Caſe the 3d of 
Problem the 4th, of Section the 2d of Part the 4th ; alſo about the point 
y, draw a Small Circle at the diſtance of 59 deg. 46 min. oo ſec. 
equal to the diſtance between the Lyon.s Heart and Arcturus, by the 
ſame Caſe, and where theſe two Small Circles interſe& each other as 
in the point *, it will give the Place of Arcturus in this Projection, 
thro” which point and the Poles of the Ecliptic 7 and e, if the 
Great Circle 749 be drawn, by the 1ſt Problem of Section the 2d of 
Part the 4th, the thing is done; and the Angle S vA the Difference 
of Longitude between the Solſtitial point & and Arcturus, may be 
meaſured by Caſe the 3d of Problem the 10th, of Section the 2d of Part 
the 4th, and the Arch 24, the diſtance of Arcturus from the North 
Pole of the Ecliptic, or Complement of its Latitude, may be meaſu- 
red by Caſe the 3d of Problem the 7th of the ſame Section. 


 Logarithmicaly, or by Calculation. 


Becauſe the Lyons Heart is in Conſequence of the Southermoſt of 
the two preceding Stars in the Square of the Great Bear, from the 
Place of Regulus N, 25 deg. 24 min. 40 ſec. take the Place of the 
Southermoſt of the two preeeding Stars in the Square of the Great 


Bear N, 14 deg. 57 min. 32 ſec- and the Reſidue 10 deg. 27 wy 
| os ſec. 
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os ſec. equal to the Difference of Longitude between the two known 
Stars, will be equal to the Angle in the Figure #77, wherefore in 
the Oblique-angled Spherical Triangle #7 7 are given, #7, 44 deg. 
53 min. 44 ſec- the Complement of the Latitude of the Southermoſt 
of the two. preceding Stars in the Square of the Great Bear * Y, 89 
deg- 33 min. 22 ſec- equal to the Complement of the Latitude of . 
Regulus, and the Angle 879 10 deg 27 min- 08 ſec- equal to the 
Difference of Longitude between the two Stars, whence to find Iſt, 
5, the diſtance between the two known Stars, it will be by the 
10th Caſe of Oblique angled, &c. having firſt imagined a Perpendi- 
cular to fall from the point # upon the Side 7. 
As R: cs, <8Ty: :t,897:t,of a 4th Arch; that is 

As the Radius — — — — 10.0000000 
To the Co- ſine of the Diff. of Longit. # 7 10-27-08—9-9927331 

So is the Co-tang: of the Lat. of the Star © 45-06-16-- 9.998466 


To the Tangent of a 4th Arch 44 24-58: 


— 99911497 


Which fourth Arch 44 deg: 24 min. 58 ſec. 2, taken from the 


Complement of the Latitude of the Star Regulus, equal to 89 deg. 
33 min. 22 ſec. will leave 45 deg- os min. 23 ſec: + fora fifth Arch 


. And again, f 
As cs, 4th Arch: cs, 5th Arch: : cs, 6: c, 67; that is, 
As the Co- ſine of the 4th arch 44 24.587 . 9.85386 30 
— — — 
To the Co- ſine of the 5th arch 45.08. 231 98484222 


So is the Sine of the Latitude of the Star 45.06.16 —9. 8502752 


Totthe c s, of the diſt. betw. the 2 Stars 6 45.3 6. 261 98448324 
And again for the Angle 6, it will be by the latter part of 
the 9th Caſe of Oblique-angled Spherical Triangles, - 
As the 8. 5th arch: S. 4th arch: : t, S: t, <3Y 7; that is, 
As the Sine of the fifth arch 45.08.234 ———- —9.8 505 42; 


To the Sine of the fourth arch 44.24.58* . — 9.8450 
So is the Tangent of the Angle 87 y 10 27.88 32 
To the Tangent of the Angle 877 10.19.22 . 260075 


HIPS 2. In 
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2. In the Obltque- angled Spherical Triangle 674 are given, | 2, — 
equal to 51 deg, 33 min- 10 ſec, the diſtance between the Souther. 
moſt of the two preceding Stars in the Square of the Great Bear and 
Arcturus, a9, the diſtance between Arcturus and the Star in the Lyons 
Heart Regulus, equal to 59 deg- 46 min. oo ſec. and By, the diſ- 
tance between Regulus and the Southermoſt of the two preceding 
Stars in the Square of the Great Bear; whence to find the Angle 
Bye, by the 11th Caſe of Oblique- ang led Spherical Triangles, from 
78 deg. 27 min. 48 ſec. half of the Sum 156 deg. 55 min. 36 ſec” 
of the three Sides, take , the diſtance between the Southermoſt 
of the two Stars in the Great Bear and Arfurus, 51 deg. 33 min. 
To ſec. and the Remainder will be 26 deg. 54 min. 30 ſec. Then, 
To the Arith. Comp. of the Sine of a7 59.46.00 — =— © 063495 3 
Add the Arth. Comp- of the Sine of 67 45.36.26 — 6 1459603 
Alſo the Sine of the half Sum 78.27 48— —— 99911360 


And the Sine of the Remainder 26-54-38 ' —9.6557135 
Half the Sum of theſe four Sines — ———————19.8563051 
Will be the Co-fine-of 3 23.24 — 9.92815 26 


Which being doubled, will give 6g deg. -03 min. 32 ſec. for the 
Angle 8 y<; from which therefore taking the Angle #y 7 before 
found, equal to rodeg- 19 min- 22 ſec· 4, the Remainder will give 
53 deg- 47 min. 24 ſec. for the Angle Ty. 

3. In the-Oblique-angled Spherical Triangle 7» are given, 7 y, 
the diſtance of the Lyons Heart Regulus from the Pole of the Ecliptic 
, or Complement of its Latitude 89 deg- 33 mia. 32 ſec. y the 
- diſtance between the Lyons Heart and Arcturus 59 deg. 46 min. oo 
ſec. and the contained Angle 7y before found equal to 53 deg- 
7 min- 24 ſec. whence to find the Angle 7, or the Difference 
of Longitude between the Zyon's Heart and Arfurus, it will be by 
the-9th Caſe of Oblique-angled, &c- having firſt imagined a Perpen- 
dicular let fall from æ upon the Arch or Side ⁊ R. 

As R: cs, y: t, Y: t, of a 6th Arch; that is, 
As the Radius — — ——10.0000000 
To the Co- ſine of the Angle 7 y 4 53.4724 ——= — 947714012 
So is the Tangent » 4 the diſtance Cc. 59 46.00 — 10.234485) 


To the Tangent of a 6tb arch 4523.18 10.0058869 


— 


This 
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This ſixth arch 45 deg. 23 min- 18 ſec 3, ſubſtracted from 7», 
the Complement of the Latitude of the Hon 's Heart, equal to 89 deg· 

3 min: 22 ſec. will give 44 deg 10 min. 03 ſec. A for 4 7th arch, 
whence to find the Angle 7 7 « it will be, 


As S. 7th arch: S. 6th arch: t, t, Qa; that is, 
As the Sine of the 7th arch 44.10.03 — — 9.843083 3 


To the Sine of the 6th Arch 45.23; 18% ———— A 
So is the Tangent of the QT 53.47.24 —10.1353956 


To the Tangent of the CY 54.22-29 10.1447220 


HH — 


This Angle 9 4 54 deg. 22 min. 29 ſec. or the arch of the Eclip- 
tic 25, added to the Place of the Hon s Heart Leo 25 deg. 24 min. 
40 ſec. becauſe Artlurus is in Conſequence of Regulus will give Libra 
29 deg. 47 min. og ſec. for the Place of Arcturus at the time of 


the laſt Obſervation. 
Again, to fiad 7 2, its diſtance from the Pole of the Ecliptic , 


or Complement of its Latitude, it will be by the latter part of the 
th Caſe of Oblique, &c. 
As cs, 6tharch : cs, 7tharch: :cs,Y*:CS, ra; that is, 


As the Co-ſine of the 6th arch 45.23.18 — —9. $465 205 
To the Co- ſine of the 715 arch 44 10.032 — Ky 9.85 ons 
So is the Co- ſine of the diſtance y © 59.46 00 —9-7020190 
To the Sine of Latitude 30.56. 581 — eee 97112020 


Whence it appears, that at the time of the laſt Obſervation, which 
was in April 1682, that the Star Arcturus was in Libra 19 deg. 47 
min. og ſec. having zo deg- 56 min. 58 ſec. North Latitude. 

The Longitude and Latitude being thus obtained, the Right Aſ- 
cenſion and Declination may be found by the 2d Caſe of the iſt Pro- 
blem. 
In the firſt Triangle #7 7, where the two Sides 87, Ty, 
and the contained Angle 87 are given, if inſtead of the Angle 
6 5, the Angle 7 6 had been found, and in the ſecond Triangle 


69, where the three Sides 8 ©, 37, and 2 4, are given, if inſtead 
ot 
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of the Angle 3 54 the Angle 43 7 had been found, then the Diſſe- 
rence of the Angles 784 and £3 y would have been the Angles 
g, and conſequently in the third Triangle 64, there would have 
been given the two Sides 7, and 8, and the contained Angle 
g , whence the Side v the diſtance of Arcturus from the North 
Pole of the Ecliptic might have been found, by the 10h Caſe of 
Oblique, &c. and the Angle Þ7 4, the Diflerence of Longitude be- 
tween the Star 6 and Arcturus, by the 9th Caſe of the ſame, and 
being added to rhe Longitude of the Star 3, becauſe the Star 4 is 
Antecedent to , will give the Place of & in the Ecliptic, or its Lon- 
gitude from the firſt point. of Aries. ; 
Mons Example 2. | 

Let us now ſuppoſe the Southermoſt of the two preceding Stars 
in the Square of the Great Bear to be the third unknown Star, whoſe 
diſtance from Arfurus is 51 deg. 33 min 10 ſec. (Arcturns 
being in Libra 19 deg. 47 min. 9 fec. and having zo deg. 57 min. 
oo ſec. North Latitude) and from the Hon's Heart Regulus 45 deg. 
36 min. 25 ſec- Regulus being in Leo 25 deg. 24 min. 40 ſec- and ha- 
ving oo deg. 26 min. 38 ſec. North Latitude, and let it be required 
to find the Longitude and Latitude of the unknown Star in the 
Square of the Great Bear. pins | 

1. In the Oblique- angled Spherical Triangle y 7 are given, Ty, 
equal to 89 deg. 33 min. 22 ſec. and 74 59 deg. oz min. oo ſec. 
the diſtances of Regulus and Arcturus from the North Pole of the E- 
cliptic, and the contained Angle 7 54 deg. 22 min 32 ſec. the 
Difference of Longitude between Regulus and Arcturus, whence by 
the 10th Caſe of Oblique-angled, &c. the Arch 4, the diſtance be- 
tween Regulus and Arfurus will be found to be 59 deg. 46 min, 
oo ſec. and by the 9th Caſe of the ſame, the Angle 7 Y will be found 
to be 53 deg. 47 min. 24 ſec. | 

2. In the Oblique angled Spherical Triangle  « are given, 3 « 
5x deg. 33 min. 10 ſec. 4 45 deg. 36 m. 25 ſ. and y « 59 dep. 46 
min. ooſec. the mutual diſtances between the three fixed Stars, whence 

by the 11th Caſe of Oblique-angled, 8c. the Angle 3 y © will be found 
to be 64 deg. os min. 46 ſec. from which taking away the Angle 
7 7, 53 deg . 47 min. 24 ſec. before found, there will remain the 
Angle 57 10 deg. 19 min. 22 ſec, 

3. In the Oblique-angled Spherical Triangle Y H are given, Ty 
89 deg- 33 min. 22 ſec. the Complement of the Latitude of Regulus 


andy 3 45 deg 36 min. 25 1c its diſtance from the unknown Star, 
| to 
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together with the contained Angle 87 7 10 deg. 19 min. 22 ſec 
whence by the 10th Caſe of Oblique-angled, &c. the Side 2 the 
Complement of the unknown Stars Latitnde, will be found to be 
44 deg. 53 min. 44 ſec· and by the 9th Caſe of the ſame, the An- 
gle 37 the Differenee of Longitude between Regulus and the un- 
known Star, 10 deg- 27 min. od ſec. this therefore ſubſtracted from 
the Place of Regulus, Leo 25 deg. 24 min. 40 ſec. (becauſe the un- 
known Star is Antecedent to Regulus, will leave Leo 14 deg. 57 min. 
32 ſec. for the Place of the unknown Star, or Southermoſt of the 
two preceding Stars in the Square of the Great Bear. 


Example 3. 


Let us now ſuppoſe the Lyons Heart to be the third unknown Star, 
whoſe diſtance from the Southermoſt of the two preceding Stars in 
the Square of the Great Bear is 45 deg. 36 min. 25 ſec. (the Star in 
the Great Bear being in Leo 14 deg. 57 min. 32 ſec. and having 45 
deg. 06 min. 16 ſec. North Latitude) and from Arcturus to be 59 
deg- 46 min. oo ſec. Arcturus being in Libra 19 deg. 47 min. og 
ſec. and having 3o deg. 57 min. oo ſec. North Latitude, and let it 
be required to find the Latitude and Longitude of Arcturus. 

1. In the Oblique-angled Spherical Triangle * « are given, 7 5 
44 deg. 53 min. 44 ſec- and v, 59 deg- oz min- oo ſec. the Com- 
plements of theLatitudes of the two known Stars, alſo the contained 
Angle 57 =, 64 deg. 49 min. 40 ſec. the Difference of Longitude 
between the two Stars, whence by the roth Caſe of Oblique-angled, 
&c. the Arch # = the diſtance between Arcturus and the unknown 
Star, will be found to be 51 deg. 33 min. 10 ſec. and by the gth 
pe. of the ſame, the Angle 7 4 8 will be found to be 54 deg. 39 min. 
oo ſec. 

2. In the Oblique-angled Spherical Triangle 8 y © are given, 42, 

51 deg- 33 min. 10 ſec. 67, 45 deg- 36 min. 25 ſec. and y*, 5g 
deg. 46 min. oo ſec: the mutual diſtances between the three Stars 
whence by the 1 1th Caſe of Oblique-angled, &c. the Angle 449 will 
be found to be 55 deg- to mi. os ſec. which therefore added to 
the Angle 6, 54 deg. 39 min. oo ſec, before found, will give 
109 deg. 49 min. os ſec. for the Angle v 29. 

3. In the Oblique-angled Spherical Triangle v4 are given, 2. 
the Complement of the Latitude of Arcturm, 59 deg. 03 min. o 
ſee. and 49, its diltance from the unknown Star Regulus, 59 deg. 


Lil 46 min. 
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46 min. oo ſec. and the contained Angle 2, cog deg. 40 min · .os 
ec. whence by the 105 Caſe of Oblique-angled, &c. the Side , 
the Complement of the Latitude of the unknown Star Regulus, 
will be found to be 89 deg. 33 min. 22 ſec. and by the 11: 
Caſe of the ſame, the Angle y 7 ©, the Difference of Longitude be- 
rween Arcturus and the unknown Star Regulus, will be found to 
be 54 deg. 22 min. 32,ſec. which therefore taken from the Place 
of Ard urus, Libra 19 deg. 47 min. 12 ſec. will leave Leo 25 deg. 
24 min. 40 ſec. for the Place 5 the unknown. Star Regulus. 
r 
Having from the Side , 59 deg- 03 min. oo ſec. and , 44 
deg. 53 min. 44 ſec. and the contained Angle 8 7 , 64 deg. 49 min, 
40 ſec. found out the Angle , 82 deg. 19 min. 42 ſec. and from 
the three Sides 3a, 51 deg. 33 min. 10 ſec. 6, 45 deg- 36 min, 
25 ſec. and Y 4, 59 deg- 46 min. oo ſec. of the Triangle 5 y found 
out, the Angle 2 6 % 82 deg- 57 min. 58 ſec. the Sum of theſe two 
Angles 165 deg . 17 min. 40 ſec will be the Angle 39 ſo that 
in the Triangle 1 are given, 2, 44 deg. 53 min. 44 ſec. 
the Side 3, 45 deg- 36 min. 25 ſec. and the Angle 75 y, 165 deg. 
17 min, 4o ſec. whence by the 1oth Caſe of Oblique-angled, &c. 
the Side 7 7, the Complement of the Latitude of the unknown Star 
will be found again to be 89:deg. 33 min. 22 ſec. and by the geh 
Caſe, the Angle 8 7.7, the Difference of Longitude between the Star 
in the Great Bear and Regulus, will be found to be 10 deg. 27 min. 
os ſec. t1is therefore added to the Place of the known Star in the 
Great Bear, Leo 14 deg. 57 min. 3 2 ſec. becauſe the known Star is 
Antecedent to Regulus, will give Leo 25 deg. 24 min. 40 ſec. for 
the Place of the unknown Star Regulus. | Dr 
In the firſt of theſe Examples, the unknown fixed Star 1s in Con- 
ſequence of, or has more Longitude than either of the fixed Stars, 
from whence it was taken; and conſequently the Difference of Lon- 
gitude found muſt be added. Fg 
In the ſecond Example the unknown fixed Star is Antecedent to, 


or has leſs Longitude than eitherof the fixed Stars from whence it was 


taken, and therefore the Difference of Longitude found muſt be ſub- 
ſtracted, And in the 3d Example the unknown Star falling between 
the two known Stars, will have greater Longitude than one and leſs 
than the other, and conſequently the Difference of Longitude found, 
muſt be either added or ſubſtracted, according as the known Star 
from whence the Difference is computed, is either in Antecedence 

: : oC 


Aſtronomical Problems. 4541 
or Conſequence of the unknown Star; and theſe being all the Va- 
rities that can ariſe in this Caſe, from the different Poſitions of the 
unknown Star, in reſpect to the two known Stars, I ſhall only ſub- 
join for the ſake of the Induſtrious Reader, a few Examples of Dif- 
tances of each of the Planets taken from ſome noted. fixed Stars, 
0 together with their Places deduced from them. 


Example 1. 


On the 30th of March 1688, at tr h. 40 m. at the Royal Obſerva- 
tory at Greenwich, the diſtance of Saturn from the Lyon s Heart Re- 
gulus, was found by Obſervation to be 56 deg. 18min- 15 ſec. Regulus 
at that time being in Leo 25 deg, 29.min, 40 ſec. and having o deg- 
26 min, 38 ſec. North Latitude, and at the ſame time the diſtance 
of Saturn from Artturus was found to be 28 deg. 13 min. oo ſec. 
Arcturus at that time being in Libra 19 deg. 52 min. 12 ſec and 
having 30 deg- 57 min. oo ſec. North Latitude. I demand the La- 
titude and Longitude of Saturn at the time of the Obſervation, 


* $. .. Anſwer. 
The Place of Saturn is Libra 21 deg. 47 mim 49 ſec. and Lati- 
tude 2 deg: 46 min. 51 ſec. North. 


Example 2. 2 | 


On the 28h of Auguſt 1688, at 8 h. 10 m. at the ſame Place, the 
diſtance: of Jupiter from the preceding. Shoulder of Aquariui, was 
meaſured and found to be 32 deg- 48 min. 40 lec. the preceding 
Shoulder of Aquarius being at that time in Aquarius 19 deg. 03 
min-_o3 ſec. and having 8 deg. 38 min. 43 ſec North Latitude, and 
at the ſame time the diſtance of Jupiter from the tollowing of the 
two Stars in the Tail of the Eagle, was found to be 36 deg. 45 min. 
15 ſec the following of the two Stars in the Tail of the Eagle be- 
ing in Capricorn 15 dig. 27 min. 14 ſec. and having 36 deg- 13 min. 
48 ſec. North Latitude. I demand: the Latitude and Longitude of 
Jupiter, ac the time of the Obſervation. oo 4 4 1 

VE” a een a 
Jupiter is in Capricorn 17 deg- 25 min · os ſec: having e0 deg 30 
min. 30 ſec. Narth Latitude. thy 46 hn CY. * 5 & 2 
00h L1111 : — * 


*. 
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Example 3. 
On the 29th of September 1687, at6 h. 14 m' at the ſame 

the diſtance of Mars Kom the followingStar of the three in — 
Sagittary, was found te be 35 deg. 41min. 15 ſec. the Star being then 
in Capricorn 11 deg. 54min. 54 ſec. and having o ideg. 28 min. 59 ſec. 
North Latitude, and at the ſame time the dittance of Mars from the © 
Bright Star in the Eagle was found to be 37 deg. 53 min. 30 ſec. the 
Bright Star in the Eagle being then in Capricorn 27 deg. 21 min. 34 
ſec. and having 29 deg. 19 min. i i ſec. North Latitude I demand the 
Latitude and Longitude of Mars at the time of the Obſervation. 


Anſwer. | 


The Place of Mars was in Aquarius 1 deg. 17 min. 12 ſec. and 
its Latitude 3 deg- 26 min. 22 ſec, South, _ 


| Example 4. | 

On the 11th of February 1686, at 6 h. 16 m. the diſtance of 
Venus from the Head of Andromeda, was found to be 24 deg, 18 
min. 20 ſec. the Head of Andromeda at that time being in og deg. 
55 min. 33 ſec. of Aries; and having 25 deg 41 min- or ſec. North 
Latitude, and at the ſame time the diſtance of Venus from. Palilicium 
or the Southern Eye of the Bull was found to be 46 deg. 54 min. 
40 ſec. Palilicium at that time being in Gemini 5 deg. 23 min. 40 
- ſec. and having 5 deg. 29 min. 49 ſec. South Latitude. I demand 
the Latitude and Longitude of Venus at the time of the Obſervation. 


The Place of Venus was at that time in Aries 19 deg- 07 min. 
45 ſec- and her Latitude 3 deg. 2 min. 36 ſec. North. 


NE Example 5. 

On the 14th of April 1680, at 8 h. 27 m. Mercury was diſtant 
from Procyon or the Little Dog Star, 55 deg. 47 min. 30 ſec. Prochen 
at that time being in Cancer 21 deg. 22 min. ol ſec. having 15 deg. 
57 min. 55 ſec. South Latitude, and at 8h. 15 m. the ſame Evening 
Mercury was. found to be diſtant from the Northern Horn of the 
Bui, or the Southern Foor of Auriga 22 deg. 11 min, 55 {ec- the 


North Horn of the Bu/l at that time being in Gemini Is deg- 05 
mis. 
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min. 36 ſec. and having 5 deg. 2# min. 34 ſec. North Latitude. 
demand the Latitude and Longitude of Mercury at the time of the 


Obſervation. | 
Anſwer. 


Mercury at that time was in Taurus 26 deg. oz min. 42 ſec- ha- 
ving 2 deg- 46 min. 30 ſec. North Latitude. 


Example 6. 


On the 27th of January 1688, at 6 h. 44 m. 15 f. the diſtance 
of the neareſt Limb of the Moon from Mirach, or the Bright Star 
in the Girdle of Andromeda, was found to be 27 deg. 13 min. os 
fec. Mirach at that time being in Aries 26 deg- or min. 04 ſec. and 
having 25 deg. 56 min. 19ſec. North Latitude, and at the fame 
time the diſtance of the remote Limb- of the Moon from Palilicium 
or Aldebaran, was found to be 41 deg. 13 min. 25 ſec. Palilicium 
being at that time in Gemini 5 deg. 25 min. 20 ſec· and having 
5 deg- 29 min. 49 ſec. South Latitude. I demand the Latitude 
Longirude of the Moon at the time of the Obſervation, 


| Anſwer. 
The Moon was at that time in Aries 24 deg. 34 min. 30 ſec, and- 
her Latitude was 1 deg. 30 min. 48 ſec. South. : 
P rob. IV. 0 
Caſe 2. 


Given the Right Aſcenſion and Declination of two fixed Stars, 
together with the diſtance of a third fixed Star or Planet, from each 
of them, to find out the Right Aſcenſion and Declination of that third: 


Star or Planer. 
Example... 


On the 10th of February 1678, at 17 h. 44 m. Arfurus was di- 
ſtant from the Southermoſt of the two preceding Stars in the Square 
of the Great Bear 51 deg+ 33 min. 10 ſec. and on the 7th of April 
in the Year 1682, at gh. 41 m. Arcturus was diſtant from Regulus 
59 deg- 46 min. oo ſec. now the Right Aſcenſion of the Sonther- 
moſt of the two preceding Stars in the Square of the Great Bear bein 
at the time of the latter Obſervation 160. deg. 34 min. 59 ſec: and 
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| having 58 deg. 04 mia. 30 ſec. North Declination, and the Right 
Aſcenſion of Regulus at the ſame time being 147 deg- 50 min, 33 
ſec. and its Northern Declination 13 deg- 29 min. 31 ſec. I demand 
the Right Aſcenſion and Declinarion of Arcturus. 


The Stereographic Solution. 

Having drawn the Solſtitial Colure 
APQS, the Equator A Q, the Axis 
P S, thro' the Poles P and S, draw the 
Circles of Right Aſcenſion P y S, PS, 
the firſt forming an Angle of 57 deg. 50 
min. 33 ſec. the ſecond an Angle of 70 
deg. 34 min. 50 ſec. with the Solſtitial 

Colure, equal to the difference of Right 
Aſcenſions between the two Stars and 
the Solſtitial, point S, by Caſe the 3d 

of ! yoblem the 9th, of Section the 2d of 
Part the 4th, and lay off 76 deg. 30 min. 

29 ſec. in the 1/t from P to 9, and 31 deg. 55 min. 1%, 4. in the 
2d from P to 3, the diſtance of each of the Stars from the North 

Pole, by Caſe the 3d of Problem the 6th of the ſame S ion, theſe 

points 7 and &, will repreſent the Places of the two Stars. 
2+ About the points / and 6, deſcribe Small Circles at the diſ- 
tance of 59 deg. 46 min. oo ſec. and 51 deg- 33 min 1+ ſec. by 

Caſe the 3d of Prob. the 4th of Se. the 2d, and where theſe inter- 
{e& each other as in the point 2, it will give the Place of Arcturus, 
and Paà will give the diſtance of Arcturus from the Pole and the 
Angle 4 PA the Right Aſcenſion from Cancer, and to find each of 

them by Calculation- He 2 4k | 
I. In the Oblique-angled Spherical Triangle Y PB are given, 

Py» 76 deg. 30 min. 29 ſec. PS, 31 deg. 55 min. 3ofec- the di- 
ſtances of the two known Stars from the Pole, and the Angle 5P#, 
12 deg. 44 min. 26 ſec. the Difference of their Right Aſecenſions, 
whence by the 10th Caſe of Oblique, Tc. the Arch of Diſtance » 4, 

will be found to be 45. deg- 36 min- 25 ſec. and by the gth Caſe of 
the ſame, the Angle PV will be found tobe 9 deg. 23 min. 33 ſec. 

2. In the Oblique-angled Spherical Triangle 78 2 are given, the 
mutual diſtances between the three Stars, viz- 69, 45 deg. 36 min. 

25. ſec J, 59.deg- 46 min. oo ſec. and 6, 51 deg. 33 min. 10 

{ec whence by the 11h Caſe of Oblique, &c. the Angle þ y «, wal 
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be found to be 64 deg- 06 min. 46 ſec. this added to the Angle 
P 56 before found, equal to 9 deg. 23 min. 35 ſec, will give 73 deg. 
© min. 21 ſec. for the Angle P . | 
3. In the Oblique-angled Spherical Triangle P y= are given, PY» 
equal to 76 deg. 30 min-. 29ſec, J, equal to 45 deg. 36 min. 25 
ſec. and the contained Angle P a, equal to 73 deg. 30 min. 21 ſec, 
whence by the 10th Caſe of Oblique, &c. the Arch P = the diſtance 
of Ardcturus from the North Pole, or the Complement of its Decli- 
nation will be found to be 69 deg- o$ min. 41 ſec-4, and by the 
gth Caſe, the Angle PA the Difference of the Right Aſcenſion 
between Regulus and Ardcturus will be found to be 62 deg. 26 min. 
16 ſec. a, this therefore added to the Right Aſcenſion of Regulus 147 
deg. 50 min- 33 ſec. becauſe Regulus precedes Arfurus, will give 
210 deg. 16 min 49 ec. 4, for the Right Aſcenſion of Arcturus at 
the time of the Obſervation, | <8 
After the ſame manner may the Right Aſcenſion and Declination 
of any Wnknown Star, Planet or Comet be determined, from the 
ſame Data, and all the Varieties ariſing from the different Poſitions 
of the unknown Stars, with reſpe& to the known, are accounted for: 
after the ſame manner as in the former Caſe, as the Reader will readi- 
ly apprehend, if he compare the two Conſtructions together, and 
imagine the Poles T and ©, in the former to repreſent the Points P 
and S in the latter, and the Ecliptic in the firſt, to ſtand for the 
Equator in the latter. 
By the help of theſe Problems and a Knowledge of the Place of any 
one fixed Star, we are taught, how to find the Places of all the · reſt; 
and *ris by the Aſſiſtance of the preceding Problem chiefly, that Aſtro- 
nomers have rectified the Places of all the fixed Stars, and determi- 
ned the Places of the Moon and the reſt of theP/anets, upon which the 
Tables of their ſeveral Motions are founded; but Oblervat ions of this 
kind requiring Three Perſons at leaſt to aſſiſt, beſides a long train 
of Calculations, before their Latitudes, Longitudes, Right Aſcen- 
ſions, and Declinations, can be obtained : Mr. Flamſteed ſet himſelf 
about making a Meridional Arch, which tho”-it had been before at- 
tempted by others, and particularly by the famous DeLa Hire at Paris, 
(as he himſelf tells us) without Succeſs ; yet Mr. Flamfteed's unwea- 
ried Endeavours and conſtant Application proceeding from, and 
ſupported by an exceeding Love to this Science, made him ſurmount 
all!Difficulties, and in the Space of Fourteen Months; at his own - 
Expence, he erected a Meridional Mukar AR c of gear ws | 
| oor 
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Foot Radius, and about 140 Degrees in the Limb, furniſhed wit 
Teleſcopical Sights, &c. by which Inſtrument in the Space of a 
few Yeats, he has not only rectified all the Places of the fixed Stars 
obſerved before his. time, but has added at leaſt 2000 rew fixed 
Stars to his Catalogue, which were never before taken Notice of by 
any other Perſon, and las alio deduced about 1500 Places of the 
Moon and near 1000 of the other Planets, from Obſervations made 
with the ſame Inſtrument, from which Stock of Obſervations, toge- 
ther with a great Number made by a large Sextant, tor the Space of 
15 Years before, he has formed new Tables of the Moon's Motions as 
well as of the other Planets, by which Tables the Places of the Moon 
and the reſt of the Plauets will be exhibited to much greater degrees 
of Exactneſs than by any Tables that have ever yet appeared Abroad, 
a Work hitherto much deſired, and which will be Publiſhed with all 
convenient Speed. | | | | 
The principal End of mentioning this Inſtrument (and of which a 


large Account how it was framed and fixed, may be ſeen irfithe Pre- 
Jace to his Hiſtoria Cœleſtis) is to recomend its Uſe to all ſuch as 


have leaſure and Inclination to view the Heavens; ſince by this 
Inſtrument alone one Perſon may make more Obſervations, and 


-that with greater Certainty in One Nights time, than Three Per- 


ſons can do with any other in Three Nights; beſides the Right A(- 
cenſion and Declination of a fixed Star is had from the Obſervation, 


by Addition or Subſtraction only, which from Obſervations made 


with the Sextant requires four Calculations, as the Reader may ſee, if 


he Conlults the 2d Caſe of the 4th Problem. 


For fince the difference of the Meridional Altitudes of the Stars 
gives the Difference of their Declinations, and the ditterence of 
the times of their Tranſits over the Meridian, reduced into Equa- 
torial Time gives the Difference of their Right Aſcenſions; if the 
Difference between the Meridional Heights of the Moon, &c. and 
any Star whoſe Place is known be added to, or ſubſtracted from, 
according as the Caſe requires) the Declination of the known Star, 
the Sum or Difference will give the Declination of the Moon, &c. 

In like manner, if the Difference between the times of their Tran- 


_fits over the Meridian be added to, or ſubſtracted from the Right 


Aſcenſion of the given Star, the Sum or Difference will give the Right 


Aſcenſion of the Moon, &c. | 
*And again, inaſmuch as in the ſame Place, at the ſame time, and 


at the {ame Alitude, the Refractions are conſtantly the ſame ; if 


a Star whoſe Place is known. be choſen in the ſame Parallel of De- 


__ clina- 


4 s 


clination nearly with the Moon or any unknown Star or Planet, there 
is no need of making ny Allowance for the Refra&ions, ſince the 
Errors in both are the ſa 

tage, ſince as is well known, the Refraction do not only differ 
conſiderably in different Places, but alter in the ſame Place at 


different times of the Year, elpecially when the Stars are near 


the Horizon, which muſt neceſſarily cauſe great Errors in the 
Places dednced, if due Allowance be not made for it; and this 
Method of deducing the Right Aſcenſions and Declinations from 
their obſerved Differences has. this farther Advantage, that if the In- 
ſtrument ſhould not be ſo perfectly placed in the Plane ot the Meri- 
dian as it ſheuld be, nor ſo well adjuſted to the Plane of the Horizon 
as it ought ro be; yet the Errors ariſing even from this are ſo very 
ſmall, as not to amount to any real Quantity, as every one muſt know 
. who duly conſiders the Thing. 


As the Degree of the Equator that tranſits the Meridian with 


the Sun is called his Right Aſcenfion, inaſmuch as it is the ſame 
Degree of the Equator that aſcends with him in a Right Poſition 
of the Sphere, ſo the Degree of the Equator that tranſits the Me- 
ridian with any Star, is called the Right Aſcenſion of that Star. 
And inaſmuch as the Earth revolves about her own Axis, or which 
is the ſame thing, inaſmuch as the Heavens ſeem to be carried about 
' with an Equable Motion, in a Space of Time. called a Natural Day 
or 24 Hours, duting which time the Equator makes an Inter-Revo- 
lution. Hence it 1s, « | 
. That during the Space of an Hour there will tranſit the 
Meridian 15 degrees of the Equator, (for of 360 equal to 
15 degrees) and in the Space of 1 minute of Time, there will paſs 
over the Meridian 15 minutes of the Equator, Oc. and conlequently 
theNumber of deg. and minutes being known, the Quantity of Time 


zs known alſo, and the contrary- 


2. That the Arch of the Equator intercepted between the points 
of the Equator that tranſit the Meridian, with the Sun, Moon, 
or any Star, or which is the {ame thing, the difference of their Right 
Aſcenſions meaſures out the Space of Time between the Tranſit of. 
the Sun, Moon, or any Star, and this being reduced into Time by 
allowing 15 degrees ot theEquator to an Hour of Time, Cc. it will 
give the exact Hour, Minute, Oc. of the time of the Tranſit of the 
Sun, Moon, or any Star, over the Meridian. Wherefore, | 

To find the time of the Moon, or any Stars coming to the Me- 


ridian. 
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me ; which is a thing of no ſmall Advan- + 
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Vubſtra J the Right Aſcenſion of the Sup From the Right Ala 
fion of the Moon gr of any Star, and the Remainder See into 
Time lit need be) ſhews the Hour and Minute, c. of the Moon 


or Stars coming to t e Meridian; but if 2 happen | that the Right 


Aſcenſion of the Sun 2 the Right A enlion of the Moon . 


fixed Star, then to the Stars Right ſcenſion, add 24 Hours, 


proceed as before. 
Example I» 


Let it be required to find at what Time Ardturus wil come to 
the Meridian the 1/ of April in the Year 1726. 

The Right Aſcenſion ot the Sun at that time is 1 h: 24 m. os. 
and. the Right Aſcenſion of Arcturus 14 h. 03 m. 11 f. at the ſame 


time. Wherefore, e 
From the Right Aſcenſion of Ardturu . m—_4 11 
Take the Right Aſcenſion of the Sun — — - I - Ih: 6 


The Remainder gives the Hour ot the Stars Southing x I2 39 05 
Example 2. i 
Let it be required to find at what time the ſame Star Arflurus 
will tranfit the Meridian on the 251 of January 1727. 
Becauſe the Sun's Right Aſcenſion at that time is 21 h. 17 h. 22ſ. 
and conſequently greater than the * Acenſion of Arflurus. 


Therefore, g 1 P 
To the Right Aſcenſion of Laar — —14 03 11 
Add 24 Hours — — KA ORG — 24 do oo 


From the Sum : 38 03 11 
Take the Sun's Right Aicenſion at the time : propoſed—31 2 83 22 


The Remainder will give the time of the Stars cowing . 
to the Meridian 16 45 49 
Which according to the vulgar Way of Computation, is on the 

26th of January, at 4 h. 45 m. '491. in the Morning. : 
In finding the time of the Culmination, the Right Aſcenfiori of the 


Sun muſt not be taken as it is at Noon, but as near the time of the 
Stars Southing as poſſible, for otherwiſe the Error in the former Ex- 


ample would amount to near three minutes of Time. 
After the fame manner may the time of the Culmination of the 
fame or any other Star, or ot the Moon or any other Planet be deter- 


mined, at any time propoſed ; ; and all other Methods differing from 
this are falſe and erroneous _ | | Hence 
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A leonomical Problenn. 49 + 
Hence 81d from che Latitude of the Place, and the Leclia in 
ol the Stii; may be found the times of irs Riſing and Setting, its 
Amplitude, the time when it will appear due Eaſt and Weſt, G + 
a will be exemplifig in the following Problems. 1 


Prob. V. 


Given the Latitude of the Place, the Day of the Month, Righe 
Aſcenfien and Declinatien of a Star, to find the Star's Amplitude; 
the time of its Riſing and Serting, and continuance above or below 

the Horizon. __ | 
| Example. . _ | 

Let it be required to find the Amplitude, time of Riſing, Setting 
er of ArSarus at London, in the Latitude of N deg. 32 min. N: 
on the 1 f of April in the Year 1726, the Right Aſcenſion of 
Arfturus at that time being 14 h. 03 M. II ſ. and its diſtance from 

the North Pole, or Complement of its Declination 69 deg; 21 min. 
- ke © N > ©: 
The Stereographic Solution. 

1. In the adjacent Figure where the 
Circle ZONH reprefents the Meridian, 
HO the Horizon, and Z N the Prime 
Vertical, ſet off 51 deg. 32 win. oo ſec. 
the Latitude of the Place from O to P 
as in the Sun, and draw the Six aClock 
Hour Circle P'S, and at Right-angles 
to it the Equator 4 . - 


2. About the Pole P, at the diſtance 
of 69deg; 21min. 16 ſec. 3, the diſtance 
of Arctura from the Pole or Com- FR 

plement of its Declination, deſcribe.the Small Circle a & c, this will 
repreſent the Parallel of the Stars diurnal Courſe, or viſible Path 
that Artiarus ſeems to deſcribe in the Heavens, and where this Paral- 4 
let cuts the Horizon as in the point &, it ſhews the where the - 
Star Riſes and Sets. - FR WR — 
3. Thro' # the Place of the Star, and the Poles P and S, draw 
the Horary Circle P & & and the thing is done, and the Arch of © « © 
. » . ; the 
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_ * © the Equator AR equal in Quantity to the Arch of the Parallel a &, 

contained between the Place of the Star at his Riſing, and the Meri- 

dian, and therefore equal to half the time of the Stars continuance 

above the Horizon, may be meaſured by Caſe the 2d of Prob. the 7:6, 

of Section the 2d of Part the 4th, and the Arch ᷑ the Horizen V & 

the Amplitude, or diſtance that the Star Riſes or Sets, in this Caſe 

to the Northward of the Eaſt or Weſt, may be meaſured by the 

ſame, the firſt of theſe, viz. the Semi-duration being applied to 

the time of the Stars Southing, will give the time ot its Riſing and 
Setting. a | 
Logarithmically, or by Calculation. | 

In the Right-angled Spherical Triangle Y * R, Right-angled at 

R are given, the Angle & YR equal to the Arch O Q, the Comple- 

ment of PO the Latitude, the Arch * R the Declination of Arctu- 

— rus, whence to find V * the Amplitude, it will be by the 10th Caſe 
# of Right-angled Spherical Triangles, mk, 
As the S. VR: R: :S. & R: S. Y X; that is, 

As the Co · ſine of the Latitude of the Place 31.32.00 — 9.79383 1) 


| To the Radius — 2 gong IO 0000000 
= So is the Sine of the Stars Declination 20.3 8.433 ———9.5471621 


— — oc 


— — 


To the Sine of the Amplitude 34.3 1, 384 — 7534304 


Which being always the ſame way with the Declination, is there- 
fore Northerly, and conſequently the Star riſes 34 deg. 31 min. 38 
ſec. to the Northward of the Eaſt point of the Horizon, and ſets 34 
deg. 31 min. 38ſec. to the Northward of the Weſt, that is ac- 
cording to the Nautical Phraſe, Arfurus in the Latitude of 51 deg. 
32 min. oo ſec. North or South, riſes in the N. E. by N. point of 
the Horizon nearly, and ſets in the N. W. by N. point. 
And fince the Declination of the Stars with regard to Common 
U ſe, may be ſaid to be conſtantly the ſame, inaſmuch as the Stars 
that are placed near the Equinoctial Colure, don't alter their De- 
clination ſcarce the one third part of a Minute in a Tear, and thoſe 
that are placed near the Solſtitial Colure ſcarce the ſame Quantity in 
a Hundred Years, and the other intermediate Stars in Proportion, it 
follows, that the ſame Star in the ſame Place has conſtantly the ſame 
Amplitude, and during the whole Year riſes and ſets in the ame 
points of the Horizon nearly. a FEE, 
| 22 2 In 


rence Y R, it will be by the 9th Caſe of Right-angled Spherical Tri- 


angles, | | | 
As t, CX VR: R: : t, X R: S. V; that is, 
As the Co- tangent of the Latitude of the Place 5 1.32.00 9.9008865 


To the Radius —— —— —— 10,0000000 - 


So is the Tangent of the Stars Declination 20. 38.431 95760881 


To the Sine of the Aſcenſional Difference 28 18.361—9.6760016\ 


— 
o ” 


This Aſcenſional Difference or Arch of the Equator Y R, equal 
to 28 deg. 18 min. 36 ſec. 3, added to the Arch Y R equal to 90 


deg. oo min. oo ſec. or 6 Hours, gives 118 deg. 18 min. 36 lec. + 


for the Arch of the Equator AR, and this being reduced into Time, . 


gives 7 deg. 53 min- 14 ſec. 2, for half or the time the Stars continu- 


ance above the Horizon, and therefore being added to the time of the 
Stars Southing, will give the time of its ſetting, but ſubſtracted will 


leave the time of its riſing. ; 
It has been already determined, that Ardturus paſſes over the Mea 


ridian on the 1/ of April 1726, at 12 h. 39 m. os we. Ws. 


© m, l. 
From the time of the tranſit of Arcturus over the Mer. 12 39% o 


Take tae Semi- viſible Arch of duration 7 53 14+. 


— — — 


ir leaves the time of the riſing of ArFurus the lame Day 4 47 0 


| | Again, a | Mo h. m. . | 
To the time of the tranſit of Arcturus over the Merid. 12 39 of 
Add the ſame viſible Arch of duratiogy ——— 7 53 14% 
It gives the time of the ſetting —— —— i 20 32 151 


Which according to the vulgar Way of Reckoning is the 2d of 4- 
il, at 8h. 32 min. 19 ſec : 3 in the Morning. 

And becanſe the Declination of the ſame Star is very nearly the 
| ſame during the whole Year, it follows, that in the ſame Place the 


Aſcenſional Difference will be nearly the ſame; and conſequently the - © 
Stars Semi-viſible Arch, or half the time of the Stars continuance a- 
bove the Horizon in the ſame Place, will be very nearly the ſame, 
and therefore to find the time of the ſame Stars riſing and ſetting ac 
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Y. In the ſame Triangle Y * R, to find the Aſcenſional Diffe- 


7 
1 


> 


"$62 * Aſtronomical Problems, 
any other Day of the Tame Year, weave nothing more to do thay 
to find the time ot the ſame Stars coming to the Meridian 


ry the 26th, at oh. 39 m. ozf- 4, but according to the common 


wy . 


a» 


For Example, Suppoſe it were required to find at what time the 


ſame Star ArHwurus will riſe and ſet at London, on the 25th of Fanua: 


J, 1727. : . 5 
It has been already determined in Page 458th, that on the 25th 
of January Arfurus will tranſit over the Meridian of London at 16h, 


Az m. 491.. Wherefore, to find the time of its riſing the fame Day, 


| 8 

Erom the time of the tranſit of Arcturus —— 16 45 49 
Take its Semi- cominuance, Oc. before found ——— 7 5 144 
It leaves the time of the riſing the ſame Day 2 5 344 
5 A And ſot the ſetting . 
To the time of the tranfit of Acur us ——16 45 4 
Add the ⁊ime of its Semi- continuance, G .. —— 7 53 141 
It gives the time of its ſetting — —— —— 24 oy 034 


Which according to the Mronomical Way of Reckoning is Janna- 


Way, is January the 26th at oh: 39 m. 03 ſ. + in the Afternoon. 
And inaſmuch as in the ſame Place the Semi-duration of the ſame 


Stars continuance above the Horizon is very nearly the ſame, it fol- 


lows, that the diurnal difference of the times ot the ſame Stars riſing 
and ſetting in the ſame place, is equal to the diurnal difference of the 


times of the tranſit of the ſame Star over the Meridian; and this de- 
pending upon the different Right Aſcenſions of the Sun, ariſing from his 
diurnal Motion throꝰ the Ecliptic, it follows, that the diurnal diflerenee 


of the times of the ſame Stars riſing, culminating, and ſetting, in the 


* .- ame Place, is equal to the diumal: difference of the Right Aſcen- 
ſion of the-Sun nearly at the ſame Place, and becauſe the Sun by 


Mean Motion moves over 59 min. og ſec. of the Ecliptic in one Na- 
tural Day, it follows, that the diurnal difference of the Sun's Right 
Aſcenſion: is nearly equal to 59 min. og ſec. (the Exceſs or Defect 
being ſo ſmall, that in the preſent Cafe it may be wholly neglected) 
and this being equal in Time to 3 h. 56 m. 32 ſ. it follows, that the 
ſame Star in the ſame Place, riſes, culminates, and ſets every Day 
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— ur in the Space of 15 Days and a quarter nearly. 


ot the Equator with the Place, that the Aſcenſional Difference be- 


comes equal to the Radius, or. go d. oo m? oof. equal tos Hours, 


and conſequently the time of the Semi- duration of the Star above 


the Horizon becomes equal to 12 Hours; whence it follows, that 
that Star never riſes or ſets but only touches the Horizon in the low- 


eſt point; and hence it is that all the Stars that lye within 5 x deg. 
32 min. oo ſec. of the North Pole, never ſet at London, but are al- 
ways above the Horizon, and viſible when ever the Sun is below; 


and on the contraty, all the Stars that lye within 5 x deg. 32 min- 


oo ſec. of the South Pole, never aſcend the Horizon of London, but 


are always below and inviſible; and vice verſa, as all the Stars that 
lye within 51 deg- 3 2 min. oo ſec. of the Southern Pole, are al- 


ways viſible to the Inhabitants in the Latitude of 51 deg- 32 min. 


oo ſec, South, when the Sun is abſent, ſo alſo all thoſe Stats that are 


ſcituated within 51 deg+ 32 min. oo ſec. of the North Pole, are al- 


ways inviſible ; and the ſame Law follows in all Latitudes whatſoever. 


| Example 2. ; 
Let it be required to find at what time the Dog Star Srius will 


| Riſe, Culminate, and Set at Landon, on the 18th of December 1726, 
the Right Aſcenſion of Syrizs at that time being 6 h. 33 m- os ſ. and 


the Declination 16 deg. 20 min. 5 9-ſec. South. 


The Stereographic Solution... _ 
In the adjacent Figure where ZONH - > 

repreſents the Meridian, HO the Ho- — 
rizon, Z IV the Prime Vertical, P the 
Axis, and 4 © the Equator, about the 
point P draw the Small Circle » * m, 
at the diſtance of ros deg. 20 min. 59 
ſec. the diſtance of Syrivs from the North 
Pole, and thro' the Interſection Xx with 
the Horizon, draw the Horary Circle 
P & 5, then in the Sphegzcal Triangle 


3Þ 

2 becauſe the Sine of the Aſcenſional Difference is to the Radius, 
as che Tangent of the Stars Declination to the Co- tangent af the 
Latitude of the Place, it follows, that when the Stars Declination 
is equal to the Complement of the Latitude, and on the ſame fide. 


2  *ftrongnical Fe mm 
i later than it did the preceding Day, that is, about 
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Y X R are gien, the Angle Y the Complement of the Latitude, and 
* R the Declination of Hrins; whence by the former Method of 
Calculation, the Amplitude Y * vill be found to be 26 deg: 54 


min. 13 ſec. and the Aſcenſional Difference Y R 21 deg. 40 min. 02 


ec. equal to 1 h. 26 m. 40 f. this taken from Y A equal to 90 deg. 

o min. oo ſec. or 6 Hours, will leave 68 deg. 19 min. 58 ſec. e- 
qual to 4 h. 33 m. 20 f. equal to the Arch AR, or the half time 
ol the Stars continuancè above the Horizon. 

The Right Aſcenſion of the Sun at the time given is 18 h. 35 m. 
18 ſ. from this 2 he Right Aſcenſion of Syrius 6 h. 33m 06 ſ. 
there will remain 12 h. a2m. 121. for the time of the Southing, and 
this leſſened by 4 h. 33 m. 20ſ- the half time of the continuance of 

the Star above the Horizon, will give 7h. 5 8m. 5 2. for the time of the 
Stars riſing, but increaſed by the ſame Arch of Semi- duration, will give 
96 h. 35 m. 321. for the time of theStars ſetting ; whence it appears, 

That the Dog Star Syrius on the 18th of December 1727, riſes at 
7h. 28 m. 52. in the Evening, at the diſtance of 26 deg. 54 min. 
x3 ſec. to the Southward of the Eaſt point of the Horizon, culmi- 
nates at 12h o m-. 121. and ſets at 16 h. 35 m. 32 ſec. or 4h. 3 5m. 


32 {- next Morning, at the diſtance of 26 deg. 54 min 13ſec. to 


the Southward of the Weſt point, after it has continued 9 h. om. 
40 f. above the Horizon. 5 I ; | 
The Semi-Arch of duration being thus found, the time of its riſing, 
culminating, and ſetting at any other time propoſed, may be obtained 
as in the former Example, by Addition and Subſtraction only. 
From the Stars Right Aſcenſion and Aſcenſional Difference, the 
Oblique Aſcenſion and Deſcenſion may be obtained, after the ſame 
manner as the Suns was, in Page the 26th, c. | 
The Arch of half continuance of the Star above the Horizon may 
be inveſtigated, without regard being had to the Aſcenſional Diffe- 
© TENCE. | N | 0 
For in the Triangle & PO in the firſt Example, in Page 459th, 
and in the Triangle H & & in che ſecond Example, in Page the 463d, 
are given in each P O, or H S the Latitude of the Place, and P * or 
S , the diſtance of the Star from the neareſt Pole, whence the An- 
gle & PO in the firſt equal to the Arch of the Equator * Q, and in 
the ſecond the Angle A S X equal to the Arch of the Equator A *, 
may be eaſily had by the 12th Caſe of Right-angled Spherical Triangles, 
by faying, as the Radius is ro the Tangent of the Latitude, ſo is the 
Tangent of the Declination, to the Co-fine of the Arch of half the 
| I 6 | time 


Aſtronomical Problems. 465 
time of the continuance above the Horizon, if the Latitude of the 
Place and Declination of the Star are contrary, as in the 2d Example, 
bur to the Co-ſine of Supplement of halt the times ot contin- 
uance, if the Latitude of the Place and Declination of the Star are 
both the ſame way as in the firſt Example, this half time of continu- 
ance applied to the time of the Southing as before, ill give the time 
of the riſing, ſetting, &c. as the following Examples will make appear, 
if the Reader will be at the Pains to work them. | 


A Example 1. 
Let it be required to find the Amplitude, time of Riſing, Cul- 
minating, Setting, Cc. of Aldebaran at Loudon, on the 20th of N- 
vember 1726, the Right Aſcenſion of Allebaran at that time being 
2 h. 20m. 121. and its Declination 15 deg. 55 min. 23 ſec. North. 


The Amplitude is 26 deg. 10 min. 10 ſec. + North, the time of 
the Riſing at 6h, 47 m. 21 f. Z, the time of the Southing at 14h 
11m. 321: and the time of the Setting at 21 h. 35 m. 42 f. 3, after 
it has continued above the Horizon 14 h- 48 m. 21 f. Fg 


* 


- Example 2. 


Let it be required to find the Amplitude, time of Riſing, Cul- 
minating, Setting, &c. of the Lyou's Heart Regulus at Londan, on 
the 6th of February 1727, the Right Aſcenſion of Regulus at that 
time being 9 h. 53 m. 44 {. and its Declination 13 deg. o/ min- 
04 ſec. North. 

Anſwer. | 

The Amplitude is 21 deg. 40 min. 42 ſec. North, the time of 
the Riſing at 4 h. 39m. 36 f. the time of the Culmination at 11 h. 
48 m. 45 .. and the time of the Setting at 18 h. 57 m. 54 f. after 
it has continued 14 h. 18 m. 18 ſ. above the Horizon. 


Example 3. 
What is the Amplitude of the Scorpions Heart, and at what time 
will it Riſe, Culminate, and Set at London, on the 15th of May 1727, 
its Right Aſcenſion being 16 h. 12 m. 39 f. and its Declination 24 


deg. 28 min. 3 f ſec. South. 2 
Nnnna | Anfw. 
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Its Amplitude is 41 deg. 45 min. 37 ſec. South, the time ot its 
Riſing 8 h. 20 m. 35 f., the time of its Southing 12h. oo m. 46 f. 
and the time of its Setting 15 h. 40 m. 56 ſ. 2, after it has contin- 
ued above the Horizon 7 h. 20 m. 21ſ. 


| Example 4- | 

What is the Amplitude of Caſtor, and at what time will it riſe, 
culminate, and ſet, &c. at London, on the 1ſt of December 1726, its 
Right Aſcenſion being 7 h. 17 m. 03 ſ. and its Declinatoin 3 2 deg 
27 min. og ſec- North. | 

: | Anſwer. 

Its Amplitude is 59 deg. 36 min. 43 ſec- North, the time of its 
rifing is at 4h. 24m. 29 l, the time of its culminating at 13h. 57m, 


10 ſ. and the time of its ſetting at 23 h. 29 m. 50 ſ. after it has con- 
tinued above the Horizon 19 h. of m. 211. 


Example 5. 


What is the Amplitude of Spica Virginis, and at what time does 
it riſe, culminate, and ſet at London, on the 25th of March 1727, its 
Right Aſcenſion being 13 h. 1o m. 48 ſ. 25 and its Declin ation 
9 deg- 43 min. 23 ſec. South. | 


Anſwer, 


Its Amplitude is 15 deg- 45 min. 12 ſec. South, the time of its 
rifing at 2 h. 57 m. 51 f. 3, the time of its Southing at 9 h. 47 m. 
40 ſec. 7, and the time of its ſetting at 16 h. 37 m. 29 ſ. 5, after it 
bas continued 13 h. 39 m- 38 f. above the Horizon. 


Example 6. 


What is the Amplitude of Hrius, and at what time will it riſe, 
culminate, and ſet at London, on the 20th of November 1726, its 
Right Aſcenſion being 6 h- 33 h. o ſ and its Declination 16 deg. 
20 min. 59 ſec- South · 


Anſwer. 


Its Amplitude is 26 deg. 54 min. 13 ſec. South, the time of its 
riſing at 9h. 28 m. oa ſ. the time of its Southing at 14 h. 1 m. 22ſ. 


and 
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and the time of its ſetting at 18 h. 34 m. 42 ſ. after it has continu- 
ed 9 h. 6m. 40 ſ. above the Horizon. | 

It it were required to find at what time the ſame Star Syrius, will 
riſe, culminate, and ſet, & c on ſthe ſame Day in the Latitude of 
51 deg- 32 min. oo ſec. South. | 

Becauſe the Latitude and Declination are both South, the Semi- 
viſible Arch of the Star will be 7 h- 26 m. 40 ſ. and conſequently 
it will riſe at 6h. 34m. 42 f. culminate at 14 h. or m. 22 ſ. and 
ſet at 21h 28 m. oz ſ. and the ſame Law muſt be obſerved in all 
the other Stars. | | 

After the ſame manner, may the time of the riſing and iſetting of 
any of the ſaperior Planets, as Saturn, Jupiter and Mars, be de- 
termined, but to pronounce the exact time of the riſing and ſetting 
of any of the inferior Planets, as Venus, Mercury, or the Moon, e- 
ſpecially the latte, their places in the Heavens mult be found as 
near as poſſible, to the times when thoſe Appearances will happen; 
for by Reaſon of their ſwift Motion thro” the Zodiac, with reſpect to 
the fixed Stars, their variations of Right Aſcenſion and Declination 
are ſo great, during one diurnal Revolution, that ualels proper Al- 
lowances be made for them, the Errors in the times will be very con- 
ſiderable ; and to ſet the young Beginner right in his Methods of In- 
veſtigation, I ſhall give an Example of the Moon, ſhe being the ſwift- 
eſt of all the Planets in general. R 
Leet it be required to find the time of the riſing, culmination, and 
ſetting of the Moon at London, on the 25th Day of December 1721. 

On the 25th Day of December 1721, at Noon, according. to 
Mr. Flamſteeds Lunar Tables in his Doctrine of the Shere, printed in 
the Year 1680, which Book will be ſoon Re-publiſhed with his New 
and Correct Tables, the Moon will be in Leo 16 deg. 08 min. 54 
ſec- having 3 deg. oo min. oo ſec. North Latitude, whence accord- 
ing to the 1ſt Problem of this Section, her Right Aſcenſion will be 
139 deg. 38 min. 10 ſec. equal to 9 h. 18 m 33 ſ. and her diſtance 
from the North Pole, or Complement of her Declination 71 deg. 
o6 min. 50ſec. 

At the ſame Time and by the ſame Tables, the Sun will be found 
to be in Capricorn 14 deg- 57 min. 44 ſec. whence according to the 
1ſt Problem ot the former Section, his Right Aſcenſion will be found 
to be 19h. o4 m. 59ſ. 

Wherefore to find the time of the Moon's Southing, 

From the Right Aſcenſion of the Moon 9 h. 18 m. 33 C plus 24 
Hours, take the Right Aſcenſion of the Sun 19 h. 04 m. 59. the 
Nnnnn 2 Re- 
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Remainder 14 h. 13 m. 34 f. will be the time of the Moons Cul- 
mination. | | 

Again by the 1/2 Caſe of the 2d Problem of the former Section, the 
Moons Aſcenſional Difference will be found to be 1 h. 42 m. of ſ. 
this added to 6 hours becauſe her Declination is North, gives 7 h. 
42 m. ol ſ. for her Semi- viſible Arch, or half the time of her con- 
tinuance above the Horizon, this therefore being ſubſtracted from 
the time of her Culmination 14 h. 13 m. 34 f. will leave 6h. 31 m. 
33 ſ. for the time of her riſing, and the ſame Semi viſible Arch of 
7 h. 42 m. ol ſ. being added to the time of her Culmination 14 h. 
13 m. 34 will gire 21 h. 55 m. 35 ſ. for the time of her ſetting; 
theſe times for Diſtinction ſake ] call the Mean Times of her riſing, 
culmination, and ſetting, whence to obtain the True, becauſe of the 
grear velocity of the Moon, which by mean Motion between Noon 
and the time of the mean Tranſit is 7 deg. 51 min. and ſo proporti- 
onally between Noon and the mean Times of her riſing and ſetting. 

To each of theſe times let the place of the Sun and Moon again be 
Calculared, and by the ſame Fables the Moon at 14h. 13m. 34f. the 
time of the mean Culmination will be found to be in Leo 23 deg. 
11 min- 58 ſec having 3 deg- 30 min .45 ſec. of North Declination ; 
whence by the firſt Problem of this Section, her Right Aſcenſion will be 
found to be 146 deg. 45min. o5 ſec. equal to gh. 47m- oof.z, and 
her Declination North 17 deg. o/ min. 28 ſec. | * 

The Place of the Sun at 14h. 13 m. 34 fl. is Capricorn 15 deg. 
14 min 03 ſec- whence his Right Aſcenſion according to the 24 
Problem of the former Section will be 19 h. 7 m. 34 f. f. 

Wherefore to find the true time of the Culmination. 

From the Right Aſcenſion. of the Moon, in this Caſe 9h. 47 m. 
oo ſec. ? plus 24 Hours, take the Right Aſcenſion of the Sun 19h. 
o/ m- 34 f. , the Remainder 14 h. 39 m. 26 {- will be the true 
time ot the Southing. 

The Place ot the Moon at 6 h. 31 m. 33 ſ. the mean time of her 
riſing will be found to be in Leo 19 deg. 22 min. 3 2 ſec. and her 
Latitude North 3 d. 14 m- 28 f whence by the 1. Problem of this 
Section, her Right Aſcenſion will be 142 deg. 52 min. 19 ſec equal 
to 9 h. 31 m. 29 ſ. and her Declination 18 deg. os min. 47 ſec, 
North, and conſequently by the 24 Problem of the laſt Section, her 
Aſcenſional Difference will be found to be th. 37 m. 15 f. this 
therefore added to 6 Hours, becauſe her Declination is North, will 


give 7h. 37 m- 25 {. for the difference berween the Right at 
| | | | on 
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ſion of the Moon and the Mid- Heaven at the time of her riſing, and 
therefore being ſubſtracted from the Right Aſcenſion of the Moon at 
that time equal te 9 h. 31 m. 29 ſ. will give 1 h. 54 m. 14 ff for 
the Right Aſcenſion of the Mid- Heaven, or degree of the Equator 
under the Meridian at the time of the Moon's riſing. 

The Sun at 6h 31m. 33 ſ. is in Capricorn 15 deg 14 min. 21 
ſec, whence his Right A ſcenſion will be found to be 19 hou. os min, 
o ſec. wherefore to find the exact time of the Moons riſing, 

From the Right Afcenſion of the Mid- Heaven before found, 1 | 
54m. 14f. fubſtra&t the Sun's Right Aſcenſion 19h. 'o6m. 10f. the 
Remainder 6 h. 4 8m. o4 ſ. will be the true time of the Moons ri- 
ſing, and by the 2d Problem of the former Section, from her Decli- 
nation 18 deg- 06 min. 47 ſec. North, and the Latitude of the Place 
51deg 32 min. os ſec. her Amplitude will be found to be 29 deg, 


59 min, 10ſec. North. 
Again, at 21 h. 55 m. 35 ſ. the mean Time of the Moon's ſet- 


ting, the Sun will be found to be in Capricorn 15 deg. 53 min. 45 
ſec. whence his Right Aſcenſion will be found to be 19 k. 8 m. 591. 


and at the ſame time the Moon's Place will be found to be in Leo 27 


deg. 01 min» 21 ſec. ſhe having at that time 3 deg. 46 min. 13 ſec- 
North Latitude; whence by the 1ſt Problem of this Sion her Right 


Aſcenfion will be 150 deg. 34 min. 11 ſec. equal to 10 h. o2 m. 


17ſ. and her Declination 16 deg- 03 min. 57ſec. North, and con- 
ſequently by the 2d Problem of the former Section, her Aſcenſion- 
al Difference will be 1h. 25 m. or ſ. which being added to ſix 


Hours, will give 7 h. 25 m. or f. for the Difference of the Right 
Aſcenſion ot the Moon and the Mid-Heaven at the time of her ri- 


ſing : this therefore added to the Moons Right Aſcenſion at that 
time 10 h. 02 m- 17 f. will give 17 h. 27 m. 18 f. for the Right 
Aſcenſion of the Mid-Heaven, from which taking away the Right 


Aſcenſion of the Sun before found equal to 19 h. o8m 59 f. (24 h. 
being firſt added to the Right Aſcenſion of the Mid-Heaven) the Re- 
mainder 22 h. 18 m. 19 f. will be the true time of the Moons ſetting. 
And becauſe her Declination at that time is 16? 3' 57 N. her Ampli- 
tude will be found by the 2d Prob. of the laſt Sect. ro be 2624 57 N. 
Whence it appears, that upon the 25th day of December 1721, ſhe 
will riſe at 6h. 48 m. o4f. 29 deg. 59 min. 10 fec- to the North- 
ward of the Eaſt, that ſhe will tranſit the Meridian at 14 h. 39 m. 
26 f. and ſet at 22h. 18 m. 19f. at the diſtance of 26 deg. 24 min 
57 ſec. to the Northward of the Weſt point of the Horizon, afier ſhe 
has continued above the Horizon 15 h. 3o m. 15 f. during which 


tims. 
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time the difference of her Amplitude ariſing from the Alteration of 
Declination is 3 deg. 34 min. 13 ſec. and the difference of time be- 
tween the riſing ana the tranſit greater than theSpace of time between 
the tranſit and the ſetting, by 12 m. 29. _ 

If greater Exactneſs be required, the Places of the Sun and Moon 
muſt be Re- calculated to the times laſt found, and the whole O- 
peration be repeated over again; but the Correction in this Caſe 
would be ſo very ſmall that it may be totally rejected 

For tho in the Space of 14 hours and a quarter, the time of the 
mean Southing in the former Example, the Difference of Right Aſ- 
cenſion ariſing from the Exceſs of the Moons diurnal Motion above 
the Sun's, (which according to mean Motion is 124 degrees in a Day) 
be oh. 25m. 531. yct in the ſpace ot half an Hour, it does not a- 
mount to a minute of Time, and conſequently in a leſs Space of 
time than that, ir in a manner vaniſhes. 

And *ris upon this Account that in computing the time of the ri- 
ſing and ſetting of the Sun, no regard is had to his diurnal mean Mo- 
tion which is 59 mim os ſec. that is, about 15 minutes in 6 hours, 
or a Semi-Equatorial Day, tor the difference of Declination, upon 
which the riſing and ſetting depends, when the Sun is near the So- 
ſtice, in this Space of time cauſes ſo ſmall an Alteration in the Aſ- 
cenſional Difference that it is next to nothing, and at the time when 
the Sun is near the Equinox, tho' the Variation is then the greateſt, 
yet in all Places within 60 Degrees of the Equator, the Error never 
amounts to more than a minute of Time; and as it gives the time of 
the riſing of theSun ſomething ſooner than it ought to do, when theSun 
is in the firſt and third Quadrants of the Ecliptic, and the contrary 
when he is in the ſecond and fourthQuadrants, ſo it gives the time of 
the ſetting ſooner and later than it ought to do, according as the Sun 
is in the firſt and third, or ſecond and fourth Quadrants, and con- 
ſequently makes the Length of the Day and Night nearly the ſame, 
as what it ought to be, and the Difference is ſo ſmall, as the In- 
duſtrious Reader may ſee, if he will be at the Pains to compute the 
Sun's Declination, and thence his Aſcenſional Difference, &c. at 
the time of his riſing and ſetting, that for all common Uſes it may 
- ſafely be rejected, tho in the ſtricteſt Sence it ought to be conſidered. 
For the ready obtaining the time of the Southing 'of the Moon, 
or any of the Planets, Aſtronomers form Tables ſhewing the Right 
Aſcenſion to every Degree and Minute cf the Ecliptic with Tables 
of PROSTAPHEARESIS to every Degree of Latitude within the 

Zo- 
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Zodiac (which may be readily computed by the help of the 1½ Pro- 
bem this of Section) ſhe wing how much muſt be added to, or ſub- 
ſtracted from the ſimple Right Aſcenſion, according as the Lati- 
tude is North or South, to obtain the true Right Aſcenſion; and to 
obtain the times of their riſings and ſetting, they compute Tables 
ſnewing the Degrees of the Equator that aſcend and deſcend with 
any point of the Ecliptic, in the ſame Place, with Tables of Proſta- 
2 ſhewing how much muſt be added to, or ſubſtracted from 
the ſimple ObliqueAſcenſion or Deſcenſion, according to the Quan- 
tities of the Latitude, to obtain the true Oblique Aſcenſion and De- 
ſcenſion ; as alſo Tables for obtaining the true Amplitude, ſo that 
by the help of a good Ephemerides of the Planets Motions and theſe 
ables, the true times of the Riſings, Culminations, Settings, and 
Amplitudes of the Planets may be obtained by Inſpection only. 

In the Calculation of the rimes of the Riſing and Setting of the 
Moon in the former Example, there has no regard been had to her 
horizontal Parallax, or the Refraction of the Medium thro? which 
the Rays mult paſs ; but the times there deduced are the true times 
when the Center of the Moon arrives at the Eaſtern and Weſtern 
Sides of the Horizon; but in order to obtain the true times of the 
viſible and apparent Aſcent and Deſcent of her Center above or be- 
low the Horizon, regard muſt be had to both her horizontal Paral- 
lax and Retraction; for as by the Reſraction the Planets appear at a 
leſs diſtance from the Zenith than they really are, as will be made 
appear in the latter part of this Section, ſo by the Refraction they 
ate made to appear at a greater, and conſequently by compounding 
of theſe two together, we have the true diſtance of the Moon from 
the Zenith, or her true Altitude aboveor Depreſſion below the Ma- 
thematical or True Horizon, when ſhe begins to appear or diſappear. 

Let it therefore be required to find in the preſentCaſe, the true times 
when the Center of the Moon will viſibly appear upon the Eaſtern 
Limb of the Horizon, or the true time when her Center will appa- 
rently Riſe, her horizontal Parallax being 54 min. 50 ſec- and Re- 
fraction 33 min. 45 ſec. 

Now becauſe as ſhe is depreſſed by Parallax, and rais'd by Re- 
fraction, their Effects will be always contrary, therefore, if from 
the horizontal Parallax 54 min. 50 ſec. be taken the horizon- 
tal Refraction 33 min. 45 ſec. the Remainder 21 min. o5 ec. will be 
the true Altitude of the Moon aboye the Horizon, when her Center 
firſt begins to appear, and conſequently to find the Difference of the 
Right 
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Right Aſcenſions of the Moon and the Mid-Heaven, at the time of 
her apparent Riſing we have given, the Latitude of the Place 5 1deg. 
32 min. the Moons Declination before found 18 deg. o/ min. 46 ſec. 
and the true Altitude of the Moon 21 min. og ſec. whence by the 
11th Caſe of Oblique-angled Spherical Triangles, the Horary Arch 
will be found to be 113 deg. 39 min. 44 ſec. equal in Time to 7h, 
34 m. 39f. which taken from the Right Aſcenſion of the Moon at 
that time 9 h. 31 m. 29 ſ. will give 1 h. 56 m. 30 f. for the Right 
Aſcenſion of the Mid-Heaven at the time required, from which de- 
ducing the Sun's Right Aſcenſion at that time 19 h. os m. ro ſ. we 
ſhall have 6 h. 50 m. 40 {. for the true time when the Moon's Cen- 
ter appears to aſcend the viſible Horizon, later than the time of her 
real Aſcent above the true Horizon before deduced by 2 min. 36 ſec. 

After the ſame manner may the time of her apparent Setting be 
found, and if the Altitude before found be increafed or diminiſhed 
by her horizontal Semi-Diameter, which in the preſent Caſe is 14m. 
52 ſ. and the Operation repeated we ſhall have the true times of 
the apparent Aſcent or Deſcent of the Moon's Limbs above or below 
the Horizon. | | | 
As the Effects of the Parallax and Refraction are always con- 
trary, if theſe happen to be equal, then the true time of the Riſing 
and Setting of the Center or either Limb, will be the true times of 
the apparent Riſing or Setting of the Center or the ſame Limb, but 
if the Refraction exceed the Parallax, then the difference ſhews the 
Depreſſion of the Moon below the true Horizon, when the Moon 
firſt begins to appear, and in this Caſe it muſt be added to go deg. 
oe min, oo ſec, to obtain the true Zenith Diſtance. 

From this Error of Altitude ariſing from the horizontal Parallax 
and Refraction there will ariſe an Error in the Amplitude, and in 
order to obtain. the apparent Amplitude, or viſible Diſtance that 
the Moon will riſe from the Eaſt point of the Horizon, we have 
given as before, the Latitude 51 deg 32 min. oo ſec the Declina- 
tion of the Moon 18 deg. 06 min. 46 ſec. and her Zenith Diſtance 
89 deg. 38 min. 55 ſec. whence her true Azimuth from the Meridi- 
an will be found by che 11th Caſe of Oblique-angled Spherical Triangles, 
ro be 6o deg. 31 min. 24ſec. and conſequently her apparent Am- 
plitude, or viſible diſtance that ſhe Riſes from the Eaſt will be 29 
deg · 28 min. 36 ſec, leſs than is given by the former Calculation by 


30 min- 34 ſec. 


This 
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This Method of allowing for the Parallax and Refraction, in com- 
puting the true Times of the riſing and ſetting of the Sun, Moon 
and Stars is not taxen Notice of as I can remember, by the Writers 
upon this Subject; and tho the Difference ariſing from it be but ſmall, 
= as the great End of all our Enquiries is to come as near the 

ruth as may be, and that the exact time of the Moon's riſing and 
ſerting may be requiſite ſometimes, in order to pronounce whether 
an Eclipſe of the Moon or an Occultation be viſible or not. at a 
given Place; I judged it would not be unacceptable io the Ingenious 


Reader. | 
| Prob. VI. | 


Given the Latitude of the Place, the Declination of a Star, and its 
Right 2 Fg en Ya the Day of the Month, to find the 
Stars Altitude and Azimuth, and the timg when it will a 
the Six a Clock Hour Circle. EL a CI b 2 


Example. 


Let it be required to find at what time Arcturus will appear upouy 
the Six a Clock Hour Circle, and what will be its Height and Azi- 
muth at London, in the Latitude of 51 deg. 32 min. oo (cc. North, 

on the firſt of April in the Year 1726, the Right Aſcenſion of Arfu- 
rus at that time being 14 h. 03 m. 11 f. and its Declination 20 deg: 
38 min; 43ſec. North. | 


The Stereographic Solution, | 5 - 


Having drawn the Meridian ZONH, 
the Horizoh HO, the Prime Vertical 
Z N, the Axis PS, the Equator AQ, 
and the Parallel ot the Stars Decli- 

nation a*c, according to the Direc- 
tions given in the laſt Problem, and thro' 
the Interſection * of the Parallel a * c, 
and the Six a Clock Hour Circle P*S, 
and having drawn the Vertical Circle 
 Z*N, then may XR the Altitude of Ar- 
furusbe meaſured byCaſe the 3d of Prob. 
the 7th, of Sect the 2d of Part the 4th, . 
O 0000 and 


ene Nronomical Problem, 
and RO the Azimuth from the Meridian may be meaſured by Cafe 
the 2d of the ſame Problem. 

EX | Logarithmically, or by Calculation . 

In the Right-angled Spherical Triangle Y R & Right-angled at 
Rare given, Y the Declination of Arcturus 20 deg. 38 min. 43 
**ſec. North, and the Angle * Y R equal to the Arch PO, equal 
to the Latitude of the Place 51 deg. 32 min. oo ſec. whence to 
find the & R the Altitude of Arcturus, it will be by Caſe the 5th of 


Rig bt- ang led, &c. 


| As R:S.<X TR: S. J & : 8. & R; that is, 
As the Radius ·ͤ . — 10. ooo 


Jo the Sine of the Latitude of the Place 3 173 2.009.893 7452 
So is the Sine of the Declination 20.3 8.45 — 9.472593 


To the Sine of che Altitude 16.01˙320ͤÄͤ'L.]2wt᷑. —9.4470045 
2. To find the Azimuth from the Meridian, it will be by Caſe the 
4b of Right-angled, &c. | 7 
"Re As R: cs, M YR: : t, Xx V: t, YR; that is, 
As the Radius 10 0000000 


To the Co- ſine of the Latituds of the Place 5 1.32.00 9 79383 17 
So is the Tangent of the Declination 20.38.43 9:5760849 


To the Co-tang. of the Azim- from the Merid. 76.28-3 33 9:3699166 


And becauſe as has been already determined, the Star Arcturut 
will appear upon the Meridian on the xft of April at 12h. 39m. 055 
if from 12 h. 39 m. o5 {. be taken 6 Hours, the Remainder .6 h. 
9 min. o5 ſec. ſhes b dime when the Star will appear upon the 
& a Clock Hour Circle in the Eaſtern Semicircle, and if to 12 h. 
39 m. oz ſ. be added 6 Hours, the Sum gives the time when the 
ſame Star will appear upon the Six a Clock Hour Circle in the Weſt⸗ 
ern © 0 a 3 ö 
ence it appears, that on the 147 of April 1726, the Star Are- 

turus will be upon the Eaſtern Side of the 855 a Clock Hour Circle 
at 6 h. 39m- os f. when. its Azimuth will be North 76 deg. 48 min, 
33:{66+ Eaſt, ot Eaſt by North nearly; and again, upon the Weſt 


» 


i, 


* 
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ern Side of the ſame Circle at 18 h. 39m. os ſ. when its Azimut h 4 
will be North 76 deg. 48 min. 33 ſec. Weſt, or Weſt by North 
_ ; at each of which times its Altitude will be 16 deg. oi min 
31 ſec. HSE, | "DEA | 

And becauſe the Right Aſcenſion and Declination of the ſame Star 
remains nearly the ſame, the Altitude and Azimuth of that Star 
upon the Six a Clock Hour Circle will be nearly the ſame, and con- 

. ſequently the diurnal Difference of the times will be equal to the 
diurnal Difference of the Sun's Right Aſcenſion. 


„ Example 2. 

At what time will Aldebaran appear upon the Six a Clock Hour 
Circle at London, on the 20th of November 1726, and what will be 
its Height and Azimuth at that time, the Right Aſcenſion of Al- 
debaran being 4 h- 20 m. 12 ſ. and its Declination x5 deg. 55 min. 
23 ſec, North. 

— Anſwer. | 

It will appear upon the Eaſtern part of the Six a Clock Hour Cir- © 
cle at 6 h. 11m. 32 ſ. when its Azimuth will be Eaſt 10 deg. oz = 
min. 46 ſec North, and upon the Weſtern part at 18 h. rt m-. 3 al. f 
when its Azimuth will be Weſt 10 deg. o; min. 46 ſec. North, at 
each of which times its Altitude will be 12 deg. 24 min. 14 ſec. 3. 


» Example z. | F=} 

At what time will Regulus appear upon the Six a Clock Hour Circle 
at London, on the 6th of February 1727, and what will be its Height 
and Azimuth at that time, the Right Aſcenſion of Regulus being 


9h. 53 m. 441. and its Declination 13 deg. 17 min 04 ſec. North. 


Anſwer: 
It will appear upon the Eaſtern part at m. 15 f. whenits 
Azimuth will be North 81 deg. 38 min- hy - Eaſt, and upon the a 
Weſtern part at 18 h. 11 m. 15 ſ. when its Azimuth will be North 
31 deg. 38 min- 41 ſec. Weſt, at each of which times its Height - 
will be 10 deg. 21 min. 53 ſec. 3. : 8 1 
a | Example 4: — | 4 
At what time will Caſtor appear upon the Six a Clock Hour Circle a 
at Loudon, December the 184, and. what will be its Height and Azt- 
muth at that time, the Right Aſcenſion of Caſtor being 7 h. 17m. 


oz ſ. and its Declination &? deg. 27 min, og ſec. North - 
6 0000 2 Anſw - 


* 


will be its Height and Azimuth, the Right Aſcenſion of the Star 
at that time being 23 h. 54 m. 13 ſ. and its Declination 27 deg; 
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Caſtor will appear upon the Eaſtern part of the Six a Clock Hour 
Circle at 4h. 02m. 5of. its Azimuth at that time being North 68 deg, 
25 min. 04 ſec. Eaſt, and upon the Weſtern part at 16 h. am 5of, 
when its Azimuth will be North 68 deg. 25 min. 04 ſec. Weſt, at 
each of which times its Altitude will be 24 deg, 50 min. 37 ſec 

| Example 5. | 

At what time will the Bright Star of the Eagle be upon the Six a 
Clock Hour Circle at London, on the 15th of May 1 2385 and what 
will be its Height and Azimuth at that time, the Right Aſcenſion 


of the Star being 19 deg. 37 min. 20 ſec. and its Declination 
8 deg. 10 min. 1 ſec. North · 


3 Anſwer 
The Bright Star of the Eagle will be upon the Eaſtern part of the 
Six a Clock Hour Circle at 8 h. 36 m. os {. when its Azimuth will 
be North 84 deg. 53 min. 55 ſec. Eaſt, and upon the Weſtern part 
at 23 deg. 50 min. 45 ſec- when the Azimuth will be Weſt 5 deg. 
6 min. 5 ſec. North, at each of which times its Altitude will be 
6deg- 23 min. 10 ſec. HE | 
| 2 Example 6. os | 

At what time will the Head of Andromeda be upon the Six a Clock 
Hour Circle at London, on the 10th of September 1726, and what 


34 min. 12 ſec. North. | 
| Anſwer. 
It will be upon the Eaſtern part at 6 h. oo m. 41 ſ. when its Azi- 
muth will be North 72deg- oomin. 24ſec. Eaſt, and upon the Weſtern 
part at 18 h. oo m. 41 f. when its Azimuth will be North 72 deg. 
oo min 24 ſec. Weſt, at each of which times its Altitude will be 
21 deg. 14 min. 56ſec. 3 * 
| Example 7. | 
At what time will the Bright Star in the Harp be upon the Six a 
Clock Hour Circle at London, on the 10th of September 1 Fer and 
what will be its Height and Azimuth at that time, the Right Aſ- 


. * - * — * N Go * * P 4 2 * * „ 
of F. * * F — - » - , Ie , 1 4 0 _ N 8 
é E 1 { et. bells” Bio 

/ | : 5 | 


cenſion of the Star being 18 h. 27 m. 36 f. and its Declination 35 
deg. 33 min · 02 ſec/ North. 8 ö 
* 3 7 : 1 . Anſwer, N 


It will be upon the Eaſtern part of the Six a Clock Hour Circle 
at 11 h- 27 m- 18 . when its Azimuth will be North 63 deg 37 
min. 56 ſec. Eaſt, and upon the Weſtern part at 23 h. 27 m. 18. 
when its Azimuth will be North 63 deg. 37 min. 56 ſec . Weſt, at 
each of which times its Altitude will be 29 deg. 12 min. 21 ſec- 


Prob. VII. 


Given the Latitude of the Place, the Day of the Month, the De- 
clination and Right Aſcenſion of a Star, ro find ce Alda 8 
Star, and the time when it will appear due Eaſt or Weſt, 


Pd 


Example. 


At what time will Arfurus appear upon the Prime Vertical, or 
due Eaſt or Weſt at London, on the 1/t Day of April 1726, and what 
will be its Height, the Right Aſcenſion of 4rFurus being at that time 
14 h. 03 m. 11 fl and its Declination 20 deg. 38 min. 43 ſec. * 


The Stereographic Solution. 

Having drawn the Meridian ZO N 
the Horizon HO, the Prime Vertical 
Z N, the Six a Clock Hour Circle P SF, 
the Equator 4 Q, and the Parallel of 
the Stars Declination a * c, thro” the 
Interſection of the Parallel with the Prime 
Vertical Z A, draw the Hour Circle 
P * 5, then may Y * the Altitude and 
Ax the time from the Stars Culmination, 
or ſidereal Noon, be meaſured by Caſe 
the 2d of Problem the 7th, of Sectiau 
the 2d of Part the 4th. 

Logarithmically, or by Calculation. 

In the Right-angled Spherical Triangle RN Right-angled at 
R are gives, & R the Declination of Arcturus 20 deg- 38 min 43 
ſc 3, and the Angle & Y R equzi to the Arch AZ, equal to the 


% 


* = Arch po, equal to the Latitude of the Place 51 deg. 32 min. oo ſec. 


whence to find & V the Altitude, it will be by the 10th Caſe of 

Right-angled Spherical Triangles. % | 
 ASS:<XRTK%:R::S*R:S,%7/,; that is, 

As the Sine of the Latitude of the Place 51.3 2.0o ——9.8937452 


To the Radius — -=—— 10,0000000 
So is the Sine of the Stars,Declination 20.38.43 ——=—9.5472593 


Jo the Sine of the Height 26.45.49 ' ———— — 9.6535141 


2. To find the Time, it will be by the 9th Caſe of Right-angled 
Sherical Triangles, 8 | 
As the t, R VN: R: : t, X R: S TR; that is, 

As the Tangent of the Latitude of the Place 5 1. 3 2.00 - 10.999135 


——ů̃ ä—ↄZu—ᷣ—k . 2 


So is the Tangent of the Stars Declinat ion 20. 38.433 — 9.576849 


To the Co- ſine of the time from the Culmin. 72. 34.541 9.476 1714 
Which being reduced into Time, makes 4 h. 50 min. 19 ſec. 
this therefore taken from the time of the Stars Southing 12h 39m. 
o5 ſ. will leave 7 h. 48 m. 45 1. 3, for the time when the Star will 
appear due Eaſt, and the ſame Horary Arch of 4 h. 50 m. 15 ſ. be- 
ing added to the time of the Culmination 12 h. 39 m. og ſ. will give 
17h. 29 m. 24. for the time when the Star will appear due Weſt. 
And inaſmuch as the Right Aſcenſion and Declination of the ſame 
Star continues nearly the ſame, the Height of the ſame Star upon 
the Prime Vertical in the ſame Place, will be always nearly the ſame; 
and the Difference of the times of its appulſe, will be equal to the Dif- 
terenee ot the times of irs Culmination, which is equal to the diur- 
nal Diſſerence of the Sun's Right Aſcenſion. | | 
| Example 2. | | 
At what time will Aldebaran appear due Eaſt and Weſt at London, 
on the 20th of November 1726, and what will its Altitude be at that 


time, the Right Aſcenſion of Aldebararn being 4 h. 20 m. 12 f. and | 
its Declination 15 deg- 55 min. 23 ſec. North. 
5 2 . Anſw, 
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OO 2 Aſtronomical Problem. 4% 
It will appear due Faſt at 7 h. 03 m- 56 f, and dae Weſt at 17h. 


19 min. 08 ſ. at cach of which times its Altitude will be 24 deg. 


30 min- 40 . 


: Example 3. N 
At what time will Regulus appear due Eaſt and Weſt at London, oh 


the 6:4 of Febrnary 1727, and what will be its Altitude at that 
time, the Right Aſcenſion of Regulus being 9 h. 53 m. 44 f. and 
its Declination 13 deg- 17 min. 04 ſec. North, 


Anſwer. 


It will appear due Eaſt at 6h- 34 m. 30 ſ. and due Weſt at 17h. 

28 m. oo ſ. at each of which times its Altitude will be 17 deg. 93 
min. 59 ſec- | 7 ; 
| Example 4. 

At what time will Caſtor appear upon the Prime Vertical at Ton- 
don, on the 1 .f of December 1726, and what will be its Altitude at 4 
that time, the Right Aſcenfion of Caſtor being 7 h. 17 m. 03. and _ 
its Declination 32 deg. 27 min- of ſec. North. 3 


Anſwer, © N 

Caftor will appear due Eaſt at 6 h. 4m- 13 ſ. and due Weſt at 
14 h. o1 min. 27 ſec. at each of which times its Altitude will be 
43 deg. 15 min. 44 ſec. 

Example 5. 

At what time will the Bright Star of the Eagle be upon the Prime 
Vertical at London on the 15th of May 1727, and what will be its 
Altitude at that time, the Right Aſcenſion of the Star being 19 h. 
37m. 20 f. and and its Declination 8 deg. to min. or fec- North. 


: | Anſwer. : 
The Bright Star of the Eqgle will be on the Eaſtern Azimuth at 
3h. 2 m. 16 ſ. and it will appear due Weſt at 14 h. og m. 54 f. at 
each of which times its Altitude will be 10 deg. 27 min · 12 ſec. 
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Example 6. 


At what time will the Head of Andromeda be upon the Prime 
Vertical at London, on the 10th of September 1726, and what will 
be its Altitude at that time, che Right Aſcenſion of the Srar being 
23 h. 54m- 13 ſ. and ĩts Declination 27 deg. 34 min. x2 ſec. North. 


Anſwer. | 


The Head of Andromeda will appear due Eaſt at h. 37m. 21 f and 


due Weſt at 16 h. 21 m. 17 fl at each of which times its Altitude 
will be 36 deg 14 min. 16 ſec 8 


Example 3 3 
At what time will the Bright Star in the Harp be upon the Prime 
Vertical at London, on the 10th of September 1726, and what will be 


its Altitude at that time, the Right Aſcenſion of the Star being 18h. 
27 m. 361. and its Declination 383 deg. 30 min. oꝛ ſec · North. 


Anſwer. 


Ir will appear due Eaſt at 14h. o4m- 25 . and be upon the Welt 
Azimuth at 20 h. 50 m. 11 ſ. at each of which times its Altitude 


will be 52 deg. 44 min. 42 ſec. x 


| Prob. VIII. : 


Given the Latitude of the Place, the Day of the Month, and 
Altitude of a Star, together with its Right Aſcenſion and Declina- 
tion, to find the Hour of the Night and Azimuth of the ſame Star. 


- 


3 7 Example. : 2 
In the Latitude of 51 deg. 32 min. oo ſec. North, on the 1/7 of 
April. 1726, the Altitude of Arcturus being 44 deg-. 30 min. 20 ſec. 
I demand the Hour of the Night and Azimuth of the Star, its Right 
Aſcenſion being 14 h. oz m. 11 ſ. and its Declination 20 deg. 38 
min. 43 ſec. North, 3 15 « 


— 


The Stereographic Sadution. 


Having drawn the Meridian Zo Nx, the Horizon Ho, the Prime 
Vertical Z N. the Six a Clock Hour Circle P S, the Equator A ©, 
and the Parallel of the Stat Declination a & c, as in the former 


22 


| Pro- 


1 


3 Aſtronomical Problems. 
Problems, about the Zenith Z, draw 
the Small Circle m & u, at the diſtance | 42 
of 45 deg- 29 min. 40 ſec. equal to the 

JV 


Complement of theStars Altitude, where <4 
this interſects the Parallel of Declinati- 

on as inthe point &, it gives the Place 1 
of Arcturus. ä 2 F 


2. Thro' the point * and the Poles 
P and S, draw the Horary Circle 
P *, alſo thro' the ſame point & and 
the Zenith and Nadir, draw the Ver- 
tical Circle Z * N and the thing is done; and the Angle HZ * 
the Azimuth from the Meridian, may e meaſured by Caſe the 34 
of Problem the roth, of Section the 2d of Part the 4th, and the Ho- 


rary Angle Z P &, may be meaſured by the ſame Caſe. 


Logarithmically, or by Calculation. 


In the Oblique-angled Spherical Triangle Z P x are given, Z P, 
the Complement of the Latitude 31 deg. 32 min. oo ſec, Z &, the 
Complement of the Altitude 44 deg 20 min. zo ſec- and P & the 
diſtance of Arcturus from the North Pole 69 = 21 min, x7 {cc- 
whence 1} to find the Horary Angle Z Y, or Difference of Times 
between the Culmination and the Obſervation, (by the 1155 Caſe of 
Oblique-angled Spherical Triangles. ) 1 8 
From 76 deg: 39 min. 28 ſec- 2, half the Sum 153 deg. 18 min- 

. 57ſec. of the Complement of the Latitude, of the Zenith diſtance of 
the. Star, and its diſtance from the North Pole, ſubſtra& the Stars 
Zenith diſtance, or Complement of its Altitude, 45 deg. 29 min, 


* 


40 ſec. and keep the Difference 3 1 deg. og min. 48 ſec. 1. Then, 


To the Arith. Comp. of the Co- ſine of the Lat. 51 32—0. 2061683 
Add the Arith. Comp. of the Co- ſine of the Decl. 20.38.43 o. 0288257 
Alſo the Sine of the half Sum 76.3 9.283 = — 95831172 
And the Sine of the Remainder 31.09.48 ⸗ͤ . 9.713898 


Will be the Co- ſine of 21.33.30} ——————— 9.968503 


* 
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N Aſtronomical Problems. e 


Which being do bled will give 43 deg. 07 min. ol ſec. for the 
Horary Angle Z P *, equal in Time to 2 h. 52 m. 28 ſ. whence 


do find the Hour of the Night. 


. If the Star be in the Eaſtern Semicircle or Aſcending, | 
From the time of the Tranſit of Arfurus on the 1ſt of April 1726, 
equal to 12 h. 39 m. os {. take the Horary Angle 2 PX, equal 
to 2h. fz m. 28 ſ the Remainder 9 h. 45 m. 371. will give the 
Hour of the Night. But, _ | 4 
If the Star be in the Weſtern Semicircle or deſcending, 
To the time of the Southing of Arfurus 12 h. 39 m. os ſ. add 
the Horary Angle Z P *, equal to 2 h. 52 m. 28 f. the Sum 15 h. 
31 m. 33 f. will be the Hour of the Night required. 
2. To find the Angle P Z * the Azimuth from the Meridian, 
it will be by the 1/ Caſe of Oblique- ang led, &C. A 
As S. Z &: S. P*::S<ZP*%:S,<PZ*; that is, 
At the Co- ſine of the Stars Altitude 44.30.20 —— -— 98532007 


— — — —— — 


To the Co- ſine of the Stars Detlination 20.38.43 — 99711743 
So is the Sine of the Horary Angle 43.07.01 — — 98347432 


Ou — 


To the Sine of the Azimuth from the Merid · 63. 44.46 9,9527168 


Wherefore if the Star be in the Eaſtern Semicircle, the Azimuth 

is South 63 deg. 44 min · 46 fec- Eaſt, or S. E- by E. halt E nearly; 

but if the Star be in the Weſtern Semicircle, the Azimarh is South 
63 deg- 44 min. 46 ſec Weſt, or 5 W. by W. half Weſt nearly, 


The Azimuth of the Star might have been directly inveſtigated by 
the help of the 11th Caſe of Oblique-angled Spherical Triangles, and 
thence the Hour of the Night, after the manner taught in the 2d Caſe 
of the 6th Problem of the former Section, and all the Varieties in that 
Caſe ariſing from the different Denominations of the Latitude of 
the Place, and Declination of the Sun, are applicable to the Stam, 
reſpe& being had to the time of the Stars coming to the Meridian; 
and univerſally, all the various Caſes of the ſeveral Problems in the 
former Section, and che ſeveral Conſequences thence reſulting are ap- 
plicable to the fixed Stars; mutetis mutandis, provided that in the 
room of the time of the Sun's paſſing over the Meridian, the com- 
mencement of the Solar or Aſtronomical Day, you make Uſe of the 
time of the Stars Southing, or its tranſit over the Meridian. 5 
A Ex- 


KL 


* 


fonomitat 'Froviems. =” 

ts WY Example 2. 
What will be the Hour of the Night, and Azimuth of Aldebaran 
at London, on the 20th of November 1726, when Aldebaran ſhall have 
44 deg. 40 min. zo ſec. of Altitude in the Eaſtern Semicircle, 
its Right Afcenfiqn at that time being 4h. 20 m. 12 { and the 
Declination 15 deg- 55 min. 23 ſec- North. | 

Anſwer. F 

The Hour is 9 h. 50 m. 23 ſ. and the Azimuth South 5 1 deg. 

21 min. 17 ſec, Eaſt. | 8 
Example 3. 

What will be the Hour of the Night, and Azimuth of Syrius at 
London, in the Latitude of 51 deg. 32 min. oo ſec. ox the 18th of 
December 1726, when Syrius ſhall have 18 deg. 30 min. 55 ſec. of 
Altitude in the Weſtern Semicircle, the Right Aſcenfion of Syrius 
at that time being 6 h. 33 m. os ſ. and its Declination 16 deg, 20 
min. 59 ſec. South. | "Ft 
x | Mufwer. 2 

The Hour of the Night is 13 h. 44 m. 54 f. f, or 1 h. 44 m. 
541. + the Morning of the following Day, and the Azimuth South 
26 deg. 00 min. 22 ſec. Welt. 

5 5 ; Example 4. 1 

What will be the time of the Night, and Azimuth of Regulus of 
the Lyons Heart at London, in the Latitude of 51 deg 32 min. o 
ſec. North, on the 6th of February 1727, when his Altitude ſhall. be 
43 deg. 50 min. 10 ſec- in the Eaſtern Semicircle, the Right Aſcen- 
ſion of Regulus being at that time 9h. 53 m. 44. and its Dechaa- 
tion 13 deg- 17 min. 04 (ec, North. | 


: - Anuſuor. , 
The Hour of the Night is 10 2 m- 43 .. 5, and the Azimuth 


South 45 deg. 5x min. 27 ſec· r 


| Example 5: 

What will be the Hour of the Night, and Azimuth of the Star 
Caſtor, on the 1/3 of December 1726, at Landon, in the Latitude of 
i deg. 32 min. oo ſec, when Caſtor ſhall have 60 deg- os min. 30 
| Pp pp 3 | ſec 


* 


1 V 27 7 ö N 1 * 8 * * 
R ronomical Problems: 


ec. of Altitude in the Eaſtern Semicircle, the Right Aſcenſion of 
Caſtor at that time being 7 h. 17 m- 031. and the Declination 32 deg 


27 min. og ſec. North. » 
| Anſwer, a 


The Hour is 7 h. 35 m. 31 f and Azimuth South 62 deg. 57 min. 
- 59 ſec. Weſt. 


| Example 6. : | 
W What will be the Hour of the Night, and Azimuth of Sica Nr- 
ginit at London, in the Latitude of 51 deg- 32 min. oo ſec. North, 
on the 25th ot March 1727, when the Altitude of the Star ſhall be 
24deg. 30 min. 20 ſec. in the Eaſferti Semicircle, the Right Af 
cenſion of Spica'at that time being 13 h. 10 m. 48 ſ. , and its De- 
clination 9 deg. 43 min. 23 ſec North. 3 


Anſwer 


The Hour will be 10 h. oo m. 17%. and the Azimuth South 29 
deg. 17 min. 18 ſec· Eaſt, | 


| Example 7. 

What will be the Hour of the Night, and Azimuth of the Scoy- 
pions Heart at London, on the 15th of May 1727, when the Altitude 
of the Scorpions Heart ſhall be 12 deg. 30 min-. zo ſec. in the Eaſt- 
ern Semicircle, the Right Aſcenſion of the Scorpions Heart at that 


time being 16 h. 12 m. 39 and its Declination 24 deg. 28 min. 
31 ſec. South. ; 


Anſwer. 


The Hour will be 10 h. 52 m. 08 ſec. and the Azimuth South 
15 deg- 57 min. 49 ſec. Eaſt. ge, 
= This Problem and the 1/t and 2d Example of the 2d Caſe of the 
= 6th Problem of the laſt Section, are of great Uſe, both to the Navi- 
= gator and Aſtronomer ; to the Navigator in ſhewing him how to find 
the true Azimuth of the Sun or Star, which being compared with 
the Azimuth obſerved by the Compaſs, as will be ſhewn in its pro- 
per Place, will ſhew him the true Variation of the Compaſs, or the 
Angle formed by the magnetic and true Meridian: And to the 
= . Aftrozomer, in teaching him how to find the true Hour of the Day 
| or Night, which being compared with the times given by the Clock 
or Watch, will ſhew their Errors ; or how much either of them are 
faſter or flower than the true time; whence the true times of the 


Tranſit 


„ 


 Aftrenomical Problems, mes 7 


FTranſit of the Moon over the Fixed Stars, the Beginning, or End of 
Solar and Lunar Eclipſcs, or: the exact time when any remarkable 


Phenomenon happens is readily had; and in order to account for any 
little Errors that may ariſe from the Imperfection of the Movement, 
Care ought to be taken to correct the Cloc or Watch, both before and 
after any remarkable Appearances happen, that ſo the little Inequa- 
lities*that may have crept into the Movement during that ſmall part 
of time, if any there be, may be allowed for with the more certainty. - 
In the Calculation of the Tranſits of the Moon over the Fixed 
Stars, which are of admirable Uſe fer aſſigning the Difference 
of Longitude between thole Places where they can be obſerved,” it 
is neceſlary to know what Degree of rhe Ecliptic is under the Meri 
dian, and what is the higheſt point or goth Degree from the aſcen- 
ding or deſcending point, which is called the Nn ge or Noua- 
gefimal point, and what are the Altitudes of each of theie above the 
Horizon, and what Angle the Vertical Circle forms with the Eclip- 
tic in any point of it, or with the Circle of Longitude paſſing thro? 
the Moon or any fixed Star having Latitude, which is called the Pa- 


rallactic Angle, at any given time. 


Let it therefore be required to find oh the 107 of June 17271, at 
3h. 44m- 21 fl apparent Time, when according to Mr, Hamſteeds 
Solar Tables, the Sun enters into the firſt point of Cancer or upon the 
Summer Solſtice, what is the Longitude of the Mid- Heaven and Nona- 
geſime, and conſequently what points of the Ecliptic are then riſiag 
and ſetting, and what are the Altitudes of each of the tormer above 
the Horizon, or their diſtance from the Vertex, and what is the 
Angle formed by the Vertical Circle (at that time paſſing thro” the 
Sun) and the Ecliptic, and the true Altitude of the Sun at London, 


in the Latitude of 51 deg- 3 2 min. oo ſec. North. 


The Solution. 


To- the Right Aſcenſion of the Sun in this Caſe 9o deg. oo min. 
oo ſec. add the time paſt from Noon 3 h. 44 m. 21 ſec. equal to 
56 deg. 5 min. 15 ſec- the Sum 146 deg- of min. 15 ſec. will be 
the Right Aſcenſion of the Mid-Heaven- or Degree of the Equator 
that is then under the Meridian. Wherefore, | 

1. Having drawn the Meridian Z O N H, the Horizon FO, the 
Prime Vertical Z N, the Six a Clock Hour Circle P 5, and tbe E- 
quator A Q, ſet off the Semi- tangent of 56 deg. o5 min. 15 ſec. the 
Exceſs of the Right Aſcenſion of the Mid-Heaven above a Quadrant 


from 


Fronomical Problems. OO 
| from c to V, then will Y repre· 
ſent the firſt point of Aries in 
this Projection. 


2. Thro' the point y draw 
the Great Circle m N, forming 
an Angle of 23 deg. 29 min. 
oo ſec. with the Equator (by 

Caſe the 2d of Problem the gth, 
of Section the 2d of Part the 4th) 
this will repreſent the Ecliptic, 
and the Arch Y m (which may 
| be meaſured by Caſe the 3d of 
s | Problem the 7th, of Section the 
ad of Part the 4th) will be the Longitude of the Mid-Heaven from 
the firſt point of Aries, and the Arch of the Meridian Hm (which 
may be meaſured by the Line of Chords) will be the Altitue; and 
to find Each of them by Calculation. | N 
In the Spherical Triangle m Y 4 Right-angled at & are given, 
A Y, the Right Aſcenſion of the Mid-Heaven from the firſt point 
of Aries, equal to 146 deg. of min. 15 ſec. and the Angle m Y A, 
t he greateſt Obliquizp of the Eclipric, equal to 23 deg. 29 min. oo 
tec. whence, firſt to find the Arch Vn, the Longitude of the point 
As, it will be by the 2d Caſe of the 1/? Problem of the former Section, 


As the R: cs, n TH: : ct, VA: ct, Vn; that is, 
As the Radius — | — ps — 0.0000000 
To the Co-ſine of the greateſt Obliquity 23.29.00. 9624527 


Zo is the Co-tangent of the Right Aſcenſion of the 
Mid-Heaven 146-05-15 — — n 


_—— 


CE CCC 


To the Co- tang of the Longir. of the Mid-Heaven 7 . 
from the ſirſt point of Aries 143 4530 


o. 1348968 


And conſequently the point of the Ecliptic chen culminating is 

Leo 23 deg. 45 min- 3o ſec. . 

Again, to find the Declination of that point, it will be by the 
{fame Caſe of the former Sefton. g | 


As 
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As the R: S. YA: :t, <m YA:t, Am; that is, | 9 4 
As the Radius- — — * ——————. 10-0000000 "= 
To the S. of the Rt. Aſc- of the Mid-Heaven 146.5.1 5 9:7465767 
; So is the Tangent of the greateſt Obliquity of the E- 4 ges 
| cliptic 23.29.00 — Ac . 3795 , | 
To the Tangent of the Declination 13.37.324 —9.3845330 *Y 


Which being added to the Arch HA, equal to the Complement 
of the Latitude, equal to 38 deg, 28 min. oo ſec. becauſe the La- "i 
titude of the Place, and Declination of the Mid-Heayen are both * 
North, will give 52 deg. os min. 27 ſec + for the Arch Hm, or | 
Altitude of the Mid-Heaven, whoſe Complement 37 deg- 54 min. 
32 45 ?, equal to the Arch Zn, will give its diſtance from the-Ze- 


nith . 3 

Again, to find the Angle 4 m V, that the Ecliptic forms with the 
Meridian in the Mid-Heaven m, it will be by the ad Caſe of the 
t Problem of the former Section · 


As the R: S. AVn: : c, AT: cs, M nA; that is, 


As the Radius — — — 10.000000 | 
To the Sine of the greateſt Obliquity 23.29.00 9. Co 4 | 
So is the Co-ſine of the Right Aſcenſion of the 06-1, ice "} 
Heaven 146.05 · 15 r _ 
Jo the Co- ſine of the Angle of the Ecliptic and Mcri-7: 
dian 70.4121—᷑ ᷑ :ͤ2—u—᷑']W—— — 158 
2. Thro' the Zenith and Nadir and the Pole of the Ecliptic 85 - 


draw the Great Circle E n p N, this will cut the Ecliptic at Righit- 
angles in the point n, the Nonage/imal or higheſt point, or goth 
* from the point of the Ecliptic h, that at that time is Riſing 
or Setting, and the Arch of the Ecliptic Vn (which may be mea- 

' ſured by Caſe the 3d of Problem the 7th, of Section the 2d of Part the 
4th) wall be the Longitude of this point, and the Arch a * of the 

Vertical Circle or in this Caſe Circle of Longitude (and which may 

be meaſured by the ſame Caſe) will be its Altitude, and to find cach- 
of them by Calculation. | : 

2 


4 2 
1 
- — 3 L * 
+ 2 E 5 
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23 In the Spherical Triangle m Z x, Right - angled at s are given, Zu, 


the Complement of the Altitude of the Mid-Heaven, 37 deg. 5 4 
min. 27 ſec. 5, and the Angle formed by the Ecliptic and Meridian 
Z mn, equal to 70 deg, 41 min. 20 ſec. whence to find firſt the 
Arch Z# the Zenith Diſtance, or Complement of the Altitude of 


the Nonagefme, it will be by the 5th Caſe of Right-angled Spherical 


Triangles, | 
Fj As the R: S. Z m:: S. Lu: S. Zu; that is, 
As the Radius - — — 10.0000000 


To the Co- ſine of the Alt. of the Mid-Heav. 5 2.5.3 24 9.78 84444 
So is che S. ot the Angle of the Eclip. and Mer. 70.41.20 9.9748 509 


— . —— 


To the Co- ſine of the Alr. of the Nonageſime 5 4.3 3.43 9.763 2953 


Again, to find xu the diſtance of the Nonageſime from the Mid- 
Heaven, it will be by the 4th Caſe of Right-angled Spherical Triangles, 


R As the R cs, Zu n: t, Im: t, un; that is, 


As the Radius — 50 8 
To the Co- ſine of the Angle of the Ecliptic and Me-. © 
ridiaa 70:4 1.20 mom —.—— 9194298 


So is the Co-tangent of the Altitude of the Mid-Heaven 


88913663 


1— 


— 


* 


'To the Fangent of the diſtance of the Nona gefime OAK] 
from the Mid-Heaven 14.26 26—— -—— — — She I 


Which Arch of 14 deg. 26 min. 26 ſec. taken from the Longi- 
tude of the Mid-Heaven Leo 23 deg- 45 min. zo ſec- becauſe the 
Right Aſcenſion of the Mid-Heayen is more than 90 Degrees, and 
leſs than 270 deg. oo min. will give Leo 9 deg. 19 min. 04 ſec. for 
the Longitude of the NMynagefime at this time. Ty 

3. From the point Y lay off 90 deg. oo min. oo ſec. the Sun's 

* Longitude in the Ecliptic from Y to © (by Caſe the 3d of Problem 
the 6th, of Section the 2d of Part the 42h) this point & will give the 
Place of the Sun; and if thro? the Zenith and Nadir and the point 
©, the Vertical Circle Z N be qr wn, the Arch © will be the 
Sun's true Altitude, and (hie may be meaſured by Caſe the 3d 

* : » > . | of 


— 


hre 
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problem the 7th, of Section the 2d of Part the 4th) the Angle ZON 
(vhich may be meaſured by Caſe the 3d of Problem the 10th of the 


lame Section) the Parallactic Angle, and to find each of them by 
Calculation. | | 

In the Spherical Triangle Z » © Right-angled at u, are given, 
Z n the diſtance of the Nonage/ime from the Zenith, or Complement 
of its Alticude equal to 35 deg. 26 min. 17 ſec. and the Arch of 
the Ecliptic n ©, equal to 39 deg. og min. 04 ſec. equal to the 
diſtance ot the Sun from the Nonage/ime, equal to the Difference be- 
tween Leo 9 deg. 19 min. - 04 ſec. the Longitude of the Nonage/ime, 
and the Place of the Sun in the firſt point of Caucer; whence to find 
the Sun's true Altitude, it will be by the 1ſt Caſe of Right-angled 


— 


Syherical Triangles, | 
As the R: c, Zn: : c, On: cs, Z O; that is, 
As the Radius — — — — 0 oᷣo 00000 


To the Sine of the Altitude of the Nonagefome 54.33. 9110216 
So is the Co-tangent of the diſtance of the Sun from $49,510 


the Nonage/ime 39-19 04 — — — 


To the Sine of the Sun's true Altitude 3 — 626 


—— — — — — 


Again, to find the Parallactic Angle Z © », it will be by the 24 


Caſe of Rigbt- angled Spherical Triangles, 


* 


As the S. 2 D: R: t, Z u : k, ZOn; that is, 
As the Sine of the diſtance of the Sun from the Nona- 
geſime 39.19.94 — ä — 78018295 


| To the Radius 
So is the Co- tang. of the Alt. of the Nonage/ime 54.3 3-43 9.85 22744 


mn —V—t 1 


To the Tangent of the Parallactic Angle 48.1 9.22 10.050444 


—— —ͤ —. 


So that on the 105% of June at 3 h. 44 m 21 f. when the Sun 
enters upon the Summer Solſtice at London. 


Qqqqq | The 


4 
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. 

ah 146 05 15 
The point of the Ecliptic thenlunder the Merid. is Leo 23 45 30 
Its Altitude above the Horizon is ——2 o5 27 


The Right Aſcenſion of the Mid- Heaven is 


And conſequently its diftance from the Zenith is — 37 54 33 
The Altitude of the Nonage/imal point ot the Ecliptic is 3 33 43 
And confequently its Zenith Diſtance is 35 26 17 
The diſtance of the Nonagefime from the Mid-Heaven 14 26 26 
And conſequently the . point it ſelf is Teo — 29 19 og 
1 ence, | 
The point of the Ecliptic then riſing is Taurus — — 9 19 04 
The point of the Ecliptic then Setting is Scorpio —— 9 19 o4 
The Sun's true Altitude is --—— — _ — — —— 39 04 26 
And conſequently his Zenith diſtance is =— — —— 50 55 34 
And the Parallactic Angle is —— — — -—-——- 48 19 12 


Hence we are taught a ready Way to find when any Star Ri- 
ſes and Sets with the Riſing Sun, which is called its Coſmica! Riſing 
and Setting; or when the fame or any other Star Riſes and Sets 
with the Setting Sun, which is called its Acbronical Rifing and 
Setting: For as every Star Riſes with that point of the Ecliptic that 
has the fame QbliqueA ſcenſion with it, and conſequently at the ſame 
time with the Sun when he poſleiles that Degree of the Ecliptic, ſo 
every Star that has che ſame Oblique Deſcenſion wich any ꝓoint of 
the Ecliptic, Sets with that point of the Ecliptic, and at the fame 
time with the Sun when he is in the ſame point; hence the Coſmi- 
cal or Achromcal Riſing and Setting of any fixed Star or Planet is 
eaſily had, for the Right Aſcenſion and Declination of a Star being 
known, its Aſcenſional Diflerence, and Oblique Aſcenſion or De- 
ſcenſion may be readily found, and thence the Right Aſcenſion of 
the Mid-Heaven, and its Longitude together with its Diſtance from 
the Nonage/ime, whence the Nonage/ime it ſelf, and conſequently the 
points in the Ecliptic then Aſcending or Deſcending, and which the 
Sun muſt poſſeſs, to cauſe the Caſmical or Achranicn Riſing or Setting 
of the given Star. 2 * 

Suppoſe for Example, it were required to find when the Dog Star 
Srius( which is the brighteſt of all the fixed Stars that appears at pre- 
ſent in our Hemifphere) will Riſe and Set Ceſmicaly or Achronically at 
Loudon, in the Latitude of 51 deg 32 min: oo ſec. in the Year 1726, 
when the Right Aſcenſion of Syrius willbe 98 deg. 16 min · 3 2 ſec and 


% 


its Declination 16 deg.. 20 min. 59 ſec. South. 


From. 


> * 


ↄ»„!:.˖· - i... was 
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From the Declination of Hrius 16 deg. 20 min. 59 ſec. and the 
Latitude ot the Place 51 deg. 32 min. oo ſec. the Aſcen ſional Dif- 
ference. of Hrius by the help of the 5 Problem, will be found to be 
21 deg. 40 min. 02 ſec. this added to the Right Aſcenſion 98 deg. 
16 min. 32 ſec. becauſe the Latitude of the Place is North, and the 
Declination of the Star South, will give 119 deg. 56 min. 34 ſec. 
for the Stars Oblique Aſcenſion, from which taking go Degrees or 
a Quadrant, we ſhall have 29 deg. 56 min. 34 ſec. for the Right 
Aſcenſion. of the Mid-Heaven, at the time of the Stars Riſing, 
Hence the Mid-Heavcn it ſelf will be found to be in Taurus 2 deg. 
7 min. 49 ſec. its Declination 12 deg. 14 min. os ſec. and conſe- 


quently its diſtance from the Vertex 39 deg . 17 min. 52 ſec. and 


the Angle formed by the Ecliptic and Meridian 69 deg. 48 min. o1 
ſec, whence the Diſtance of the Mid Heaven from the Nonageſime, 
will be found to be 15. deg. 46 min. 49 ſec. and the Nonageſime it 
ſelf in Taurus 17 deg. 54 min. 38 ſec. and conſequently the point of 
the Ecliptic then Aſcending will. be Leo 17 deg, 54 min. 38 ſec. 
which is the Place of the Sun about the 3 1 Day of Ju), and conſe- 
quently the Bright Star Syrius Riſcs Coſmically at London on the 3 1 
Day of July 1726. | | 
ain, if the time of its Coſmicai Setting be required, 

From the Right Aſcenſion of the Star 98 deg; r6 min. 3,2 ſec. take 
its Aſcenſional Difference 21deg. 40 min. 32 ſec. the Remainder 76 
deg. 36 min. oo ſec. will be the Stars Oblique Deſcenſion, to which 
adding go Degrees or a Quadrant, the Sum 166 deg- 36 min. oo 
ſec. will be the Right Aſcenſion of the Mid-Heaven at the time of 
the Stars Setting. | | 

Hence the Place of the Mid-Heaven will be found to be in Virgo 
15 deg. 26 min. 54 ſec. its Declination 5 deg. 44 min. 45 ſec. 
North ; and: conſequently the diſtance of the Mid-Heaven from the 
Zenith, will be 45 deg. 47 min. 15 ſec. and the Angle formed by 
the Ecliptic and Meridian 67 deg. 11 min. 30 ſec. whence accord- 
ing to the former manner. of Calculation, the diſtance of the Nona- 
gefime from the Mid-Heaver: will be found to be 21 deg. 43 min. 
27 ſec. the WNonagc/ime it ſelf. in Leo 23 deg. 43 min. 27 ſec. and 
conſequently the point of the Ecliptic then {Deſcending will be 
Taurus 23 deg. 43 min. 27 ſec, whence the oppoſite or Aſcending 
point will: be Scorpio. 23.deg: 43 min» 27 ſec. which is the point 
the Sun muſt poſſeſs to Riſe ar the ſame time, and which is the 
Place of. the: Sun, about the. 5h of November in the Morning, when 


the Bright Star Syrius will Ser Coſmically at London in the Year 1726. 


Qqqqqe The 
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The Coſmical Riſing and Setting of a Star being known, the 4. 
chronical Riſing and Setting of the ſame Star is given; for inaſ- 
much as the point of the Ecliptic anſwering to Leo 17 deg. 54 min: 
38 ſec. Riſes with Hrius at London, and is therefore called its Coſmi- 
cal Riſing, the point of the Ecliptic oppoſite to this and anſwering 
to Aquarius 17 deg. 54 min. 38 ſec muſt deſcend below the Hori- 
- zen at the ſame time, and is the point the Sun muſt poſſeſs, to cauſe 

the Star Syrius to Riſe Achronicallyj; and this being the Place of the 
Sun about the 26th of January, it follows, that on the 26th of Fan- 
zary 1926, the Bright Star Hrius will Riſe Achronically at London. 

Again, inaſmuch: as the point of the Ecliptic anſwering to Scorpio 
23 deg: 43 min. 27 ſec. Aſcends above the Horizon at the time that 
Syrius Deſcends ; and is therefore the point the Sun muſt poſleſs, to 
cauſe tle Coſmical Setting; the point of the Ecliptic oppoſite to this 
and anſworing to Taurm 23 deg. 43 min. 27 ſec. is the point ot 
che Ecliptic that Deſcends at the fame time with Syrius, and is the 
Place of the Sun at the time of the Achronical Setting; and this hap- 
pening about the 3d of May, it follows, that on the 34 of May 1726, 
the Bright Star Syrins will Set Achronicallj at London. | 

Whence it follows, that the time of the Coſmical Riſing and Set- 
ting of a Star being given, the time of the Achronical Riſing and 
Setting of the ſame Star is given alſo ; and on the contraty, the time 
of the Achronical Riſing and Setting of a Star being known, the time 
of the Coſmical Riſing and Setting of the ſame Star is known alſo: 
And inaſmuch as every Star that lyes near the Ecliptic Riſes and Sets 
at the ſame time nearly with that point of the Ecliptic ; hence it is 
that all the Stars that have not very great Latitude that Riſe Coſmi- 
call, Set Achronically, and all Stars that Set Coſmically Riſe Achroni- 
cally; and the contrary : whence it is that all thoſe Stars that Set 
nearly with, or a little after the Sun, are ſaid to Set Achronically, as 
all thoſe Stars that Riſe with, or a little before the Sun, are ſaid to 
Riſe Coſmically. . | 

There are other Methods leſs operoſe for inveſtigating the Coſmical 
and Achronical Riſing, Setting, &c. but theſe that I have made 
Uſe of are the molt natural, general and eaſy. BER. 

From the preceding Calculation it is manifeſt, 

1. That from the time of the Coſmical Setting November the 5th, 
to the time of the 4chronical Riſing January the 26th, during the 
Space of 82 Days the Star is vifible above the Horizon, from the 
time of its Riſing to the time of its Setting; and on the contrary, 

nd” ak | from 
= * 0 
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from the time of irs Achronical Setting May the 3d, to the time of its. 
Coſmical Riſing July the 314, during the Space of 89 Days the Star. 
is altogether inviſible ; and never appears above the Horizon from 
the Setting ot the Sun to the Riſing. fs. 3 * 

2. That from the time of its Coſmical Riſing July the 31/7, when 
it firſt begins to appear on the Eaſtern Limb ot the Horizon before 
Sun Riſe, to the time of its Achronical Setting May the zd, when it 
appears upon the Weſtern Limb of the Horizon juſt after Sun Set, 
during the Space of 276 Days it conſtantly appears above the Hori- 
zon at ſome part of the Night or other. . 

But becauſe of its nearneſs to the Sun at the time of its Coſmical: 
Riſing and Achronical Setting it is ſo far Eclipſed by the ſuperior 
Light of the Sun, as to become inviſible ; to determine therefore the 
time when a Star that has been in Conjunction with the Sun, is ſo far 
left by himas to Emerge out of his Rays and become vifible ; and on 
the contrary, to pronounce the time when a Star that has been- 
viſible is ſo far overtaken as to be {wallowed up in the Solar Rays, 
is by Aſtronomers termed to find het times of the Heliacal Riſing and, 
Setting of that Star. | | 

It is found by Obſervation that the ſmalleſt fixed Stars are not vi- 
ſible, till the Hemiſphere is wholly free from the Solar Rays, that is. 
not till after the End of the Evening Twilight, and before the Begining 
of Morning Twilight ; which happens when the Sun is 18 De- 
grees below the Horizon; but that Stars of the firſt Magnicude- 
may be ſeen when the Sun is deprefled 12 Degrees, and that others 
become viſible at proportional Depreſſions between 18 and 12 De- 
grees, according to their different Magnitudes; that is, Stars of the 
6th Magnitude become viſible when the Sun is depreſſed 17 Degrees, 
Stars of the 5th Magnitude at 16, thoſe of the 4th at 15 Degrees, 


thoſe of the 3d at 14 Degrees, and thoſe of the 2d at 13 Degrees: 
Let it therefore be required to find when the Bright Star Syrius; 


Riſes and Sets Heliacally at London, in the Latitude ot 5 1 deg. 32 min. 
oo ſec. North, it being a Star of the firſt Magnitude, and conſequent- 
ly viſible according to the former Law in the Limb of the Hori - 
zon, when the Sun is depreſſed 12 Degrees below it. 

t. In the adjacent Figure, Let Z ON H repreſent the Meridian, 
Ho the Horizon, EC a portion of the Ecliptic, and C the Place 
of the Sun in the Ecliptic at the time when the Star Riſes Coſmicaly, , 
and which by the former Method of Calculation is fouud to be Leo 


17deg. 54 min. 38 ſec: 2 PR 
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oF 2. About the point N draw the 
Small Circle men at the diſtance of 78 
Degrees the Complement ot the Stars 
Depreſſion at the time of its Helia- 
cal Riling, where this cuts the Eclip- 
tic in the point , it will give the Place 
ot the Sun at that time, and to find 
its diſtance from the Coſmical point C, 
thro' the Zenith and Nadir and the 
point h, draw: the Vertical Circle 
Zrhz then in the Spherical Triangle 
Cr b, Right-angled at v are given, 
rh, the Sun's Depreſſton below the Horizon equal to 12 Degrees, 
and the Angle v C h formed by the Ecliptic and the Horizon, equal 
'to-the- Angle E C, equal to the height of the Nonageſime before 
Wund 53 deg: 3 min. 49ſec. whence vo find the dyporhenuſe: C B, 
the diſtance between the Coſmical/and Heliacal points of the Edlip- 
tic, it will be by the 10. Cuſe of Right-augled Spherical Triangles, 
| As S Sr CH. R: : S. 1h. S. Ch; that is, 0 
As the Sine of the Altitude of the Nonageſime 5 3.3 1.49 9.905 3485 


— — 


%% A¹AÜV cement rronnntnets OaGhEn 
So is the Sine of the Depreſſion 12.00.00=—— — 9g.z178789 
To the Sine of the Arch C'h 14.59.01 — — — 9.4125 304 
— — 


Which being added to the Place of the Sun Leo 17 deg. 54 min. 
38 ſec · at the time of the Coſmical Riſing gives Virgo 2 deg. 53 min. 
39 ſec. for the Place of the Sun at the time ot the Heliacal Riſing, 

and this being the point of the Ecliptic that the Sun poſſeſſes about 
the 15th of Auguſt; it follows, on the 15th of Auguſt Syrins will begin 
to appear after its Conjunction with the Sun, and will be ſeen in the 
Eaſtern Limb of. the Horizon, a little before Sun Riſe. Aj 

| Again, to find the time of its Heliacal Setting. 
" In the ſame Figue let C repreſent the Place of the Sun in the Eclip- 
tic at the time of its Achronical Setting, then will 4 repreſent the 
Place of the Sun at the time of its Heliacal Setting, therefore in the 
Spherical Triangle Cr H, Right-angled at r are given, the. Side r 
12:deg- oo min. 00:ſec, the Sun's Depreſſion as before; and, the. 
Angle r Ch equal in this Caſe to 48 deg- 38 min. 45 ſec. the. Alti- 
tude of the Nonageſime at t he time of the Achronical Setting, whence 
| | | 12 to 
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to find the Arch ofthe Ecliptic Ch the diſtance between the Achro. 


nical and Heliacal points of the Ecliptic at the Setting, it will be 


by the ſame Caſe, 
As the S. Tr CH: R:: S. b: S. C3 that is, 


As the Sine of Altitude of the Nonage/ime 48.38.45 ——9.87543 16 


To the Radius —— — 
So is the Sine of the Depreſſion 12.00.00 


10 000000@G 
—— 9.3178789 


To the Sine of the Arch of diſtance Ch 16-04.48 —9.4424473 


Which taken from the Place of the Sun in Taurus 23 deg. 43 min. 
27 ſec. at the time of its Chronical Setting, will leave Taurus 07 deg. 
38 min. 39 ſec. for the Place of the Sun at the time of the Heliacal 
Setting, and this being the point of the Ecliptic that theSun poſſeſſes a- 
bout the 16th of April, it follows, that on the 16th of April the 
Bright Star Hrius will be feen in the Weſtern Edge of the Horizon 
ſome little time after Sun Set, and after that will diſappear to the 
rime of its Heliacal Riſing; whence it is manifeſt, that trom the 16th: 
of Aprilito the 15th of Auguſt, during the Space of 121 Days the 
Bright Star Hrius is inviſible to the Inhabitants in the Latitude of 
51 deg. 32 min oo ſec. and that during the remaining part of the. 
Year, that is for theSpace of 245 Days, viz. from the 15th of Auguſt: 
tothe 16th of April it may be ſeen above the Horizon between Sun 
Set and Sun Riſe, and that more or leſs according as the Star is. 
nearer too, or farther from the Qppofition. £ 

After the ſame manner may the time of the Heliacal Riſings and 
Settings of any of the Planets be tound, proper Allowances being- 
made for their Depreſſion, according to their different Brightneſſes, 
which according to the Rules laid down'by Aflronomers, is for Mars 
and Saturn about 11 Degrees, for Jupiter and Mercury 10 Degrees, 
and for Venus 5 Degrees; tho when Venus is at her greateſt Elonga- 
tion from the Sun ſhe may be ſeen with the naked Eye any time of 

the Day. , 
'  ThceKnowledge of theſe Poetical Riſings and Settings ot the Stars, 
as they are uſually called, and of which frequent mention is made by 
the Ancient Poets, HiSorians, and Philoſophers, in their ſeveral Wri- 
tings, (and therefore neceſlary to be underſtood, in order to clear 
up ſeveral Paſſages contained therein) were of great eſteem among 
the Ancients, and were very uſeful to them ia adjuſting the times ſer- 

; | | | a-part- 
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a-part for their Religicus and Civil Uſes, and for the Seaſons proper 
, tor the ſeveral Parts of Husbandry; for as their Knowledge of the 
Motions of the Heavenly Bodies was not ſufficient to adjuſt the true 
Length of the Year, but that ſometimes they happened longer and 
ſometimes ſhorter than at other times; and as the returns ot the Seaſons 
depend upon the approach of the Sun, to the Tropics and Eguinoctial 
points, ſo they made Uſe of thele Riſings and Settings as Cri- 
teria to determine the Commencement of the Seaſons proper for any 
Uſe, but in theſe latter Times, ſince Mankind is arrived to ſuch a 
Perfect Knowledge of the Motions of the Sun and the other Caleſtial 
Bodies, as to pronounce the Length ot theYear, the Commencement 
- -of the Ne and Full Moons, the Times of the Conjunctions of the 
leveral Cœłeſtial Bodies, to the greateſt Degree of Exactneſs imagina- 
ble, the Uſe of theſe are in a great meaſure laid aſide, and good 
Calendars are made to ſupply their Places. | 
As the Star which Riſes Heliacally with the Sun is called the Morn- 
ing Star, inaſmuch as it ſhews at its diſappearance when rhe Appa- 
rent Day is really began, ſo the Star that Sets Heliacally is called the 
Evening Star, inaſmuch as it ſhews by its appearance when the Ap- 
parent Day ends, and the Night properly begins; and tis at the firſt 
appearance of this Star that the Jewiſh Sabbath properly begins and 
ends. St 81-23 | | | 
From a Knowledge of the Times of the Heliacal Riſing and Set- 
ting of the Planet Jupiter, we are taught how to find the time when 
Jupiter is ſo far influenced by the Solar Rays as to become inviſible, 
and conſequently the time when the Eclipſes of his Satellites begin 
and ceaſe to be viſible ; and which are of very great Uſe in aſſign- 
ing the, Differences of Longitude between thoſe Places where they 
may be obſerved. | N 
As the true Place of the Sun, Moon, Cc. is that point in the 

Heavens which is pointed out, by a Line drawn from the Center of 
the Earth, thro' che Center of the Sun, Moon, c. ſo the viſible or 
apparent Place of the Sun, Moon, Cc. is that point in the Heavens 
which is pointed out, by a Line drawn from the Eye of the Obſerver 
thro? the Center of the Sun, Moon, Cc. and the diſtance between 
thoſe two Places is called the Parallax ; ſo that the Parallax of Al- 
titude of the Sun, Moon, Cc. is an Arch of a Vertical Circle paſ- 
ſing thro' the Sun, Moon, Cc. and intercepted between the viſible 


and true Place* f 


\ 


Thus 


Thus in the adjacent Figure, | 
where C repreſents the Center, F 
OT 2 Quadrant of the Eartks — 

fieres, O the Place of the 
' Obſerver, and 40 Ba Qua- 
drant of the Orb of one of the 
Planets, ſuppoſe the Moon, it 
is manifeſt, that as the Line 
C 2 Hdrawn from the Center 
of the Earth, tho? » the Cen- 
ter of the Moon at), gives 
the true Place ot the Moon in 
H, ſo the Line O) K drawn 
from the Obſerver thro” the 
Center of the Moon, will give 


the viſible Place at K, and con- | N 
ſequently thatſthe Angle C equal to the Exceſs of the Angle FU), 


the viſible Zenith Diſtance of the Moon, or Complement ot her Al- 
titude above the Angle FC), the true Zenith Diſtance or Comple- 
ment of the true Altitude, equal to the Angle H) K, will be the 
Parallax of the Moon in the point); whence it follows, . 
41. That when the Planet is in the Zenith at the point4or D, the 
Parallax vaniſhes : For the Line COAD in this Caſe, which is drawn 
from the Center of the Earth at C, thro the Planet at 4 or D 
_ coincides, or is the ſame with-the Line OAD, drawn from the Ob- 
ſerver thro' the ſame point 4 or D. J 

2- That the nearer the Planet is to the Earth, the greater is 
its Parallax at the ſame Diſtance from the Zenith or at the ſame 
Altirude ; and the contrary. | | 

For let D & M E repreſent a Quadrant of the Orb of Mars, and 
jet us ſuppoſe the Planet Mars to be in the point 8, where the Line 
drawn trom the Center of the Earth thro? the Moon, cuts the Orbit 
of the Planet Mars, and let the Line O 5 I from the Place of the 
Obſerver thro' the Planet be drawn, then will the Angle O 5 Ce- 
qual tothe Angle H & I, be the Parallax of Mars in the point &, 
when the Planet 4 has the ſame true Zenith Diſtance N Hor Altitude 
HCG, with the Moon in the point ; now becauſe in the two 
Triangles C? O and C9 O the Angle at C is common, it follows, 
that the Angle 00 C the Parallax of the Moon in the paint), is 
greater than the Angle C's 0 — Parallax ot Mars in the point : : 
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by the Quantity ot theAngle ò 0); and this will happen in whatſo- 
ever part of the Orb the point) be taken, except in the Zenith 4. 

3. That the Sines of the Parallaxes of Altitude of the ſame Planet 
at different diſtances from the Vertex, are directly as the Radius to the 
Sines of the viſible diſtance of the Planet from the Zenith, or as 
the Co- ſines of their viſible Altitudes above the Horizon; for in the 
Triangle C20 the Sine of the Parallax of Altitude C 2 O, is to the 
Sine ot the Angle 2 OA, the viſible diſtance of the Moon from the 
Zenith, as the Side C © the Semi-diameter of the Earth is to C) the 
mean diſtance of the Moon from the Earths Center ; and in the Tri- 
angle C10, the Sine of the Parallax of Altitude CIO is to the 
Sine of the Angle 401 the viſible diſtance of the Moon from the 
ZenithA, as the Side CO the Earths Semi- diameter, is to C / equal to 
C, the Moon's diſtance from the Center of the Earth; wherefore, 
becauſe the two Jaſt Terms in each Proportion are the ſame, the two 
ñrſt Terms in each will be directly proportional; that is, the Sine 
of the Parallax in the point / will be to the Sine of the Parallax in the 
point I, as the Sine of the diſtance of the point / from the Zenith 
A, to the Sine of the diſtance of the point) from the ſame point 
A; whence it follows, 

. That the nearer the Planets are to the Zenith, the leſs is their 
Parallax of Altitude ; and on the contrary, the farther any of the 
Planets is removed from the Zenith, the greater is its Parallax of 
Altitude; and conſequently when the Planets are in the Horizon, 
their Parallax will be the greateſt ; and becauſe at that time their 
diſtance from the Zenith is equal to a Quadrant or go Deg. and that 
the Sine of 90 Degrees is equal to the Radius, it follows, 

That as the Radius is to theSine of the viſible diſtance of any Planet 
from the Zenith, or to the Co- ſine of its Altitude above the Hori- 
20n, ſo is tlie Sine ot the horizontal Parallax, to the Sine of its Pa- 
rallax at that Altitude; and conſequently the horizontal Parallax 

being given, the Parallax at any Altitude is likewiſe given; and on 
the contrary, the Parallax at any Altitude being given, the horizon- 
tal Parallax may be eaſily known. 

4 From the Projection it is manifeſt, that the nearer the Moon 
or any other Planet that has a Senſible Parallax, approaches the Ze- 
nith the nearer it is to the Obſerver, and the greater is its apparent 
Semi- diameter: For in the Triangles CO/or CO ), the Sides OC 
CI and OC, C) remaining the ſame, the leſſer the contained Angle 
OCm, OC), the leſſer will be the oppoſite Side Om, O); till * 

| ES | la 
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laſt when the Planet arrives at the Zenith in the point 4, it is nearer 
to the Qbſerver placed in the point O, then it is at the Horizon , 
by almoſt the whole Semi- diameter of the Earth O C. 

Whence it is manifeſt, that the appatent Diameters of the Planets 
are leaſt in the Horizon, and greateſt in the Zenith; and ate to 
each other at the ſeveral intermediate diſtances as the Sines ot thoſe 
reſpe&ive diſtances from the Zenith. 

5. The Parallax of the Moon or of any Planet at any Altitude 
being known, the diſtance of the Moon or of that Planet from the 
Earth is eaſily found; and on the contrary, the diſtance of the Pla- 
net from the Earth being known-or given, the Parallax at any Alti- 
tude is eaſily had: Thus in the Triangle CO, if the Moon's hoti- 
zontal Parallax or the Angle CO, be ſuppoſed 1 degree or 60 mi- 
nutes, her diſtance from the Center of the Earth will be found to 
be 57.2987 of the Earths Semi-diameters ; for as the Sine of the An- 
gle CIO of one Degree is to the Radius, ſo is the Semidiameter OC 
of the Earth, in this Caſe ſuppoſed Unity, to CI the diſtance of*he 
Moon from the Center in the ſame parts; and hence we are taught 
how to find the Parallax of Altitude of the Moon, and conſequently 
her viſible Altitude from the horizontal Parallax (which is always 
gin in the Tables) and the true diſtance ot the Moon from the 
ZMith, or her Altitude above the Horizon. Suppoſe for Example, 
the Moon at), and it were requited to find the viſible Altitudg of the 
Moon ) O01, her horizontal Parallax OC, being 59 min. 45 ſec. 
and her true Zenith diſtance A C) 65 ger 45 min. 20 ſec. or her 


true Altitude) C B 24 deg. 14 min 40 fec. 
1. By the former Method of Calculation her diſtance from the 


Earth C) will be found to be 57.543 Semi-diameters of the Earth, 
wherefore in the Triangle O0 C are given, C O the Semi-diameter of 
the Earth equal to Unity, the Side C the mean diſtance of the Moon 
in the ſame parts, equal to 57.543, and the contained Angle OC), 
the Moons true diſtance ſrom the Zenith, equal to 65 deg. 45 min 
20 ſec. whence by the 4th Caſe of | blique- angled Plane Triangle, the 
Angle 0 > C the Moons Parallax of Altitude will be found to be 
54 min, 51 ſec. 2, the Angle 4 © 7 her vifible Zenith diſtance 66 
deg. 40 min- 11 ſec. 4, and conſequently her viſible Altitude or the 

Angle > 1, will be found to be 23 deg- 19 min. 48 ſec. +. 
The Knowledge of the Parallaxes are of the greateſt Uſe in Aſtro- 
nomy, ſince by them the true Magnitndes, Diſtances and Periods of 
Rrrre 2 the 
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the heavenly Bodies are exactly known, but the manner of deter- 
mining them from Obſervations being a little foreign ro my preſent 
Deſign, I ſhall refer the Reader to the ſeveral excellent Treatiſes that 
have been wrote upon them, till a more convenient Opportunity 
offers it ſelf. | 4% # | 

From the Parallax of Altitude or Angle of Depreſſion, by the 
means of which the Planets appear at a greater diſtance from the 
Zenith than otherwiſe rhey would do, there will ariſe a Parallax of 
Langitude or of Latitude, or of both.; and conſequently a Parallax 
of Right Aſcenſion or Declination, or of both. | 

Thus if the Planet happen to be in the Ecliptic, and the Ecliptic 
become a Vertical Circle, as it will do at thoſe times, and at thoſe 
Places where the Latitude of the Place becomes equal to the Declina- 
tion of the point of the Ecliptic which the Planet poſſeſſes at the 
given time, and both the ſameway, then the Planet being depreſſed in 
the Ecliptic it ſelf, there can be no Parallax of Latitude, but the 
Parallax of Altitude will become the Parallax of Longitude, and be 
equal to it. For Example, ſuppoſe the Moon in Teo oo deg 03 min. 
31 ſec. and upon her Aſcending Node, hen her horizontal Parallax 
is 55 min. 3 2 ſec. and which happens upon the 2d of January 1721, 
at 15 h. 41 m. og ſ. becauſe at the Height of 40 deg. 47 minzoy 
ſec. her Parallax of Altitude is 42 min. 29 ſec · &, her viſible or apparent 
Place if ſhe be on the Eaſtern Side of the Nonageſime, will be Leo 
oo deg. 46 min. oo ſec. , bur if ſhe be on the Welt Side of the No- 
nageſime, her viſible Place will be Cancer 29 deg. 21 min. o: ſec. 

If the Planet be in, the Nonage/tme, or upon that Vertical Circle that 
paſſes thro the Poles of the Ecliptic, and conſequently cuts the E- 
cliptic at Right- angles, becauſe in this Caſe the Planet is depreſſed in 
the Circle of Longitude, the Parallax of Longitude ceaſes, and the 
Parallax of Latitude becomes equal to the Parallax of Altitude: 
Thus for Example, at London on the 24 of January 1721, at 13 h. 
oo min. 03 ſec. when the Moon is in Cancer 28 deg. 44 min. 57 ſec. 
having oo deg. o8 min. 16 ſec, South Latitude, and upon the No- 
ageſime, at which time her true Altitude being 57 deg. 56 min. 09 
ſec. and her horizontal ParAlax 55 min. 3 2 ſec. her Parallax of Alti- 
tude will be 29 53”, and conſequently her viſible Latitude will be 
oo deg- 38 min. og ſec. South; for the Parallax depreſſes the ſame 
way as the Planet appears, that is, if they appear to the Southward 
of the Zenith, the Parallax deprefles them to the Sonthward ; and 
conſequently diminiſhes their Latitude if it be North, and increa- 

{es 
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ſes it if it be South; and on the contrary, if the Planets: th 
Northward of the Zenith, the omit increaſes 9 
it be North, but diminiſhes if it be South: All which are ſo ob- 
vious that they need no further Explanation. | 

Bar if the Planet appear neither in the Ecliptic nor upon the 
Nonagefime, or in the Vertical Circle paſſing thro' it; that is, if the 
Vertical Circle paſſing thro' the Planet cuts the Ecliptic at Oblique- 
angles, then the Parallax of Altitude will cauſe a Parallax both of 
Laritude and Longitude, and how both may be obtained will ap- 
pear by the following Example. 

On the ad of January 1721, at 15 h. 41 m. og ſ. apparent time, 


according to Mr. Flamſteed's Lunar Tables, publiſhed in his Doctrine 
ehe Sphere, the Moon will be in Leo 3 min. 3 1 ſec. and upon her _ 
ding Node; let it therefore be required to find her Parallax of Lon- 
itude and Latitude, and conſequently her viſible Place and viſible 
titude, her horizontal Parallax at that time being 55 min. 32 ſec. 
On the 2d of January | 
1721, At 15 h. 41m: ogf. | 
the Sun will be in Capri- | | 
corn 24 deg. of min. 47 ſec: <- 
and conſequently his Right ö . | - P 
Aſcenſion according to the . 
former Methods of Invei-— 5 
tigation will be found to / 2 
be 295 deg. 55 min. 3zoſec. H 4 J\ 
equal to 19 h. 43 m. 421. 
to this therefore adding \ J 
15 h. 41 m. og ſ. the time - 
paſt from the preceding 
Noon, equal to 235 deg. 
17min. 15ſec. we ſhall have 
. the Right Aſcenfion of the | N 
Mid-Heaven, or Degree 
then NT, the Meridian, equal to 171 deg. 12 min. 45 ſec. or 11h, 
24m. 511: 
Whence the Degree of the Ecliptic then Culminating, will be found 
to be Virgo zꝛ;deg. 25 min. 59 ſec. its Decligation Am 3 deg. 47 min. 
50 ſec. 3, N. and conſequently its Altitude H m will be 42deg. 15 min. 
50 ſec. + and its Diſtance from the Zenith Z M 47 deg. 8 min. 12 
ſec. and the Angle Z mn formed by the Ecliptic and Meridian 
66 deg. 48 min, 30 ſec, | Hence 
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Hence the Altitude of the Nonageſime n will be found to be 47 
deg. 08 min 12 ſec. and its diſtance from the Vertex n 42 deg. 
51min. 48 ſec its diſtance from the Mid-Heaven 23 deg. 25 min. 
43 ſec. 3, and conſequently the Nonageſime its ſelf will be in Leo 27 
deg.. oo min. 15 ſec. f. 

And becauſe the Moon's true Place is in Leo oo deg. 03 min. 31 
ſec. her diſtance from the Nonageſime will be 26 deg. 56 min. 44fec.z, 
to the Weſtward of the Nonage/ime or in Antecedence, whence the 
Moon's true Altitude at that time a > will be found to be 40 deg. 
47 min. o5 ſec. her Zenith diſtance Z 49 deg. 12 min. 55 ſec. 
nd the Harallactic Angle Z In 63 deg. 58 min. zo ſec. 

And becauſe her horizontal Parallax is 55 min. 32 ſec. her Paral- 
lax at the Altitude of 40 deg. 47 min. os ſec, will be 42 min. 29 
ſec. . Wherefore, Y | | ; 

Set off 42 29. 2, in the Vertical Circle Z 2, paſſing thro* the Moon 
from) the true Place of the Moon to /, then will / be the Moon's 
vifible Place, and thro the point / and the Pole of the Ecliptic pdraw 
the Circle of Longitude p / t, then will p / be her viſible diſtance from 
the South Pole of the Ecliptic, or Complement of her Latitude Y : 
her viſible Longitude ; and conſequently 2» + her Parallax of Longi- 
tude, and It her Parallax of Latitude; to find each of which Trigo- 
nometrically, in the Right-angled Spherical Triangle > J: Right- 
angled at t are given, / the Moon's Parallax of Altitude 42 min. 
29ſec 2, and the Angle I) r equal to the parallactic Angle Z 0 » 
equal to 63 deg. 58 min- 3o ſec. whence to find 1/{ /# the Pa- 
rallax of Altitude, it will be by the 5% Caſe of Right- angled Spheri- 
cal Triangles, | . | 

As R: S. PlI::S<U t:8S lt; that is, 


As the Radius — ͤ—5 


10 0000000 


To the Sine of the parallactic Angle 6 3.58.30 — 9.9535677 
So is the Sine of the parallax of Altitude 42-295 —— 8.0919898 


To the Sine of the parallax of Latitude 38. 11 — — 80455575 


— — 


Which becauſe the Moon was upon her aſcendirg Node, and 
conſequently has no true Latitude, gives oo deg, 38 min. 11 ſec · tor 
her viſible Latitude South. _ | : | 

Again, to find) # her Parallax in T.ongitude, it will be by the 
4th Caſe of Right-angled Spherical Ti iangles, 

| * As 
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As R:ics,<I)Dt::r, ) JI: t, It; that 1s, 
As the Radius — - —— — --- 10,0000000 


—äũ > — 


To the Co- ſine of the parallactic Angle 63.5 8.30 9.64 22 304 
So is the Tangent of the Parallax of Altitude 42.29-2 —8 09202 20 


To the Tang. of the Parallax of Longitude 18-39: —7.7342524 


——— L 


Which taken from the Moon's true Longitude Leo oo deg. 03 min. 
31 ſec. becauſe the Moon is on the Weſtern Side of the Nonage/ime, 
gives Cancer 29 deg- 44 min. 52 ſec· 4 for the Moon's viſible Place. 

But if the Moon had been on the Eaſtern Side of the Nonage/i- 
me, then her true Place would have preceded her viſible, and con- 
ſequently the Parallax muſt have been added to the true Place, to 
have obtained the viſible. 

The Parallactic Triang!e D It, tho“ really Spherical, yet by rea- 
ſon of its exceeding ſmallneſs, may for the Eaſe of Calculation be 
conſigered as a Plane Triangle, ſince the Anſwers to all Intents and 
Purpoſes are the ſame, as will appear by the following Calcularion. 

The Parallax of Altitude is 42 min. 29 ſec. r, which being redu- 
ced into Seconds makes 2549.5 for the Length of the Side 907; 
- wherefore by the 1 Caſe of Right-angled Plane Triangles, to find the 
Side J: the Parallax of Latitude it will be, ; 


As R: I):: J that is, 1 
As the Radiu(ꝛ —-— — — lo ooo oo 


To the Sine of the parallactic Angle 63:58:30 —— 9.9535677 
So is the Logar. of the Par. of Alt. in Seconds 2549-5 3.4064550 


— — 


To the Logar. of the Par. of Latitude in Seconds 2291 6 33600227 


— — 


Which being reduced into Minutes and Seconds, by dividing by 
60, makes 38 min. 11 ſec, for the Parallax of Latitude as before 


found. 
And for the Side) # the Parallax of Longitude, it will be by the 


ſame Caſe of Right-angled Plane Triangles, Pp 
As 
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As R: It: 015 10; that is, 


As the Radius — — — ro 0000000 
To the Co- ſine of the parallactic Angle 63.58.30 —— 9.6422 304 


So is the Log of the Par. of Altitude in Seconds 2549.5 3. 4064550 


——— 


To the Log: of the Par. of Longit. in Seconds 11 18.6 — 3.048685 4 


——— — — 


Which being teduced into Minutes and Seconds makes 18 win. 
38 ſec. , the fame as was found by the former Calculation. 
But if the Moon have any Senſible Latitude, it will render the 
Calculation a little more intricate, as the Reader will ſee by the Sub- 

ſequent Example pe. K 

Let it be required to ſiad the Parallax of Latitude and Longitude 
of the Moon at London, on the 224 ot June 1721, at gh. zom. ap- 
parent time, when her true Place is in Libra 26 deg. 27 min. 18 ſec. 
and her true Latitude 5 deg- 15 min. 19 ſec. North, ſhe being at 
that time near the Northern Limit, and her horizontal Parallax 
59 min 45 ſec. | Io 

The Sun on the 22 of June 1721, at 9 h. 30 m. is in Cancer 11 
deg. 39 min. 53 ſec. and conſequently his Right Aſcenſion is 102 
deg. 41 min. 06 ſec. 2, to which adding the time paſt from Noon 
9h. 3o min. oo ſec. equal to 142 deg.” 30 min. oo ſec. the Sum 245 
deg. 11 min. os ſec. + will be the Right Aſcenſion of the Mid-Hea- 
ven at that time, whente the Angle formed by theEcliptic and the Me- 
ridian will be found to be 80 deg- 22 min. 22 ſec. the point of the 
Ecliptic then under the Meridian Sagittary, 7 deg. o1 min. os ſec. 
and its diſtance from the Equator 21 deg. 3x min. 19 ſec. to the 
Southward, which therefore added to the diſtance of the Equator 

from the Vertex 51 deg. 32 min. oo ſec: will give 73 deg. oz min. 
19 ſec. for the diſtance of the Mid-Heaven from the Zenith, or be- 
ing taken from 38 deg. 28 min. oo ſec. the Height of the Equator, 
will leave 16 deg. 56 min. 41 ſec- for the Altitude of the Mid- 
Heaven, or diſtance between the Pole of the Ecliptic and the Zenith. 

Hence the Altitude of the Nonageſime will be found to be 19 deg. 
25 min. 07 ſec. and its Diſtance from the Mid-Heaven 28 deg. 
45 min. 43 ſec.+ which therefore taken from the Langitude of the 
Mid-Heaven Sagittary 7 deg- of min, od ſec, becauſe the Mid- 
Heaven is between Cancer and Capricorn, will leave Scorpio 8 deg. 15 

min. 
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min. 24 (ec; Hor the e N of the Nongaefinie ar che time given 
herefore, - 

If from the Longitude of the Non- 
ene Scorpio 08 deg. 15 min. 24ſec. 
be taken the true Place of the Moon 
Libra 26 deg. 27 min. x8-{ec-: the 
Remainder 11 deg. 48 min. os (ec. 
will give the Difference of Longi- 
tude between the Noungeſme and te 
Moon, equal to the Angle Zz „ — 
whence to ſind Z), the true dit. 
tance of the Moon from che Zenith, 
or Complement of her Altitude, and 
. ——— bung 
of the an the ique-ang] erical T e 
ZN are given, Z 7, the diſtance of the i the Pole of 
the Ecliptic, equal to the Aktitude of the Nonageſime, equal to 19 
deg. 25 min. 07 ſec the Side 7 I, equal to the Complement of the 
Moons true Latitude, equal to 34 deg, min or fec. and the con- 
tained Angle 2* Z, equal to the Difference of Longitude between 
the Moon and the Nonageſime; hence to find (firſt, the Comple- 
ment of the parallactic Angle 7 E, it will be by the th Cafe of 
Oblique-angled Spherical Triangles, having firlt imagined a au 
cular to tall from the point L upon the oppoſite Side v). 


As R: AD: : t, LZ: t, of a 4% Arch; that is, 
As the Radius == . — — ——10.6000090 
To the Co-fine of the Angle Zy) 11.48.06—— 9 9907213 
So is the Tangent ot the Arch v Z 19. R A $471847 
To the Tangent of a 4th Arch 19:02.164— a a has —9.5379069 


Which taken from abe. complament of the Mins true Latitude 
84 deg. 44 min. or ſec. will leave wy deg, 41 min. 44 ſec. fora 
Gith Arch. Wherefore, - AY F 

As the Sine of the 57 Arch 65. 41 44 — 


To the Sine of the 4b Arch 19.02.1864 ——— » — 9.513476 
So is the Tangent of the Angle Z 79 xx 48.06 —— 9.320024% 


To the Tangent of the Angle TI Z 0416.36: — — 8738039 
88888 Which 
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Which taben from 90 deg. o min. ob be: will aye 95 deg. 43 


min. 23 ſec. z,-for the he parked Angle t) 1. 

And tor the Side Z) the Moons true Zenith Diſtance, or Com- 
plement of her true Altitude, it will be by the 0 Pare of the 
' 10th Caſe of Oblique-angled Spherical 3 


As the Co- ſine of the fourth Arch I 6746. 99755710 


ꝙ— a 


To che Co- ſine of the fifth Arch 65 41. e- 6144573 
So is the E the Arch Z 7 or CA of 


r UBER 
To the Site of the Moons true e Aline. 24: 1440 — 9 6134507 


—̃ Ay 


Whence and from the * Parallax. 59 min. 45 ſec. her 

Parallax of Altitude, will be found by. the former rz of 
Calculation to be 54 min. 5 ſec. 4. 

From the point) lay off 54 min. 51 font 2, in che vertical Cirde 
from 5 to , then will the pint be the viſible place of the Moon; 
vrherefore in the Oblique · ang 1 le 724, are given, 
*, 84 deg. 44 min. ** 22 — — of her reve Larirude, 
the Side 5 / heriParallax of Altitude, equal to 54 min. 51 ſec. 3, 
and the contained Angle ), the Complemeat of the parallactic 
Angle equal to 175 deg. 43 min. 23 ſec. &; whence by the orb 
Call of Oblique-angled Spherical Triangles, her viſible Latitude or 
— Complement of the Side 21, will be found to be 04 deg. 21 
min; 17 ſec. 1, and by the 9th Caſe her Parallax of Longitude, or 
the Angle 17) will be found to be 4 min. os ſec. which taken from 
the true place of the Moon in Libra, 26 deg, 27 min. 18 ſec. be- 
cauſe the Moon is on the Weſtem Side of the Nonageſime, will leave 

Libra 26 deg. 23 min- 13 ſec. 2, for the Moons viſible Place. 
But by reaſon of the exceeding Smallneis of the Side) I, of 
the Triangle) It, and the little Difference between a ſmall Arch 
of a Great Circle, ſuch as the Eclipric is, and the correſpondent 
Portion of a Parallel of 5* 14" ſuch as the Small Circle Or, paſſing 
thro the Moon; it from the point) a Perpendicular be let fall 
upon the Side t, or Circle of Longitude paſſing thro” the viſible 

lace of the Moon, the ſmall parallactic Triangle > /z, for the 

573 of Calculation may be conſidered as a Plane Triangle, in 
which are given, the Hypothenuſe ) , the Parallax of Alti- 
| me equal to 3291.75 Seconds, a d parallaRic Angle 20, 5 
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to 85 deg. 43 min: 23 ſec. 2, and the Angle at: Right 3 whence 
by the Laws of Plane Triaugles, the Baſe It the Parallax of Lati- 
tude, will be ſound to be 3282 Seconds, or 54 min 42 ſœc: and the 
Perpendicular Or equal to 245 Seconds, or 4 min. o5 ſec, , equal 
to all the Requiſite degrees of Exactneſs, to the Augle 7, or the 
Arch of the Ecliptic contained between the Circle /2 7. and ) x, 
the Parallax in Longitude, the ſame as was before determined- 
Hence and by the help of a good Ephemerides, or good Lunar Ta- 
bles, may the time that the Moon will cover any fixed Star or Planet 
whoſe Place in the Heavens is known, be readily and eaſily deter- 
mined; for Example, according to the French Ephemerides of the 
Sieur des Places, on the 23d of October 1721, Old Stile at Noon, the 
Moon will be in Tauris 4 deg. 1 min. and on the Day following at 
Noon, ſhe will be in Taurus 16 deg. 44 min. whence according to 
mean Motion, ſhe will be in Conjunction with a bright Star in the 
Forehead of the H/hale, marked in Bayer with the Letter 4; and whoſe 
Place according to Mr. Flamfeads Catologue is Taurus 8 deg. oi min · 
30ſec. having 5 deg. 35 min. 3 3 ſec- South Latitude, at 7 h. 33 m. 
P. M. at which time the Moon's true Place according to the Docirine 
of the Sphere, is Taurus 08 deg. 07 min- 18 ſec. and her true hourly 
Motion 32 min- oo ſec. and conſequently ſhe is paſt the true Con- 
junction 5 min. 48 ſec. which Anſwers in Time according to her true 
hourly Motion, to 10 min. 52 ſec· whence'the mean Time of the 
true Conjunction will be at 7 h. 22 m. o8 ſ. P. 44. and her true La- 
titude 4 deg. 36 min- 15 ſec. South; at which time the Sun being in 
Scorpio 11 deg. 20 min. 23 ſec: his Right Aſcenſion. will be found to 
be 218 deg. 53 min. 58 ſec. , which being added to the time of 
the Conjunction 07 h. 22 m. 08 ſ. equal to 110 deg. 32 min. will 
give 329 deg- 25 min. 58 ſec. &, for the Right Aſcenſion of the 
Mid- Heaven at that time; whence according to the former Method 
of Calculation, the Mid- Heaven it ſelt will be in Auarim 27 deg. 
13 min · 13 ſec. its Declination 12 deg. 27 min. 33 ſec. South; and 
conſequently its Diſtance from the Zenith will be 63 deg. 59 min. 
32-ſec- and the Angle formed by the Ecliptic and the Meridian 69 
deg. 56 min. 02 ſec. hence the diſtance of the Nonageſime from the 
Mid-Heaven, will be found to be 35 deg. 06,min., 58 ſec. and con- 
ſequently the Nonaga/ime it ſelf in Aries 02 deg. 20: min · Ii ſec. and 
its Altitude 3 2 deg· 24 Ms}. 37 e. 20:0] Hanoi at | 271 i 
The Moon's true Place is in Taurms os deg. of min. 30 ſec. 
whence the Difference of Longitude between her and the Nonageſima l 
point of the. Eclptic 1525058: 41 min. 19 ſec. at which time her 
£364 | 8888 2 Wt; true 
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true Latitude being 4 deg. 36 min. 15 ſec. South, her diſtance from 
the North Pole of the Eclipric, will be 94 deg. 36 min. 15 ſec. 
hence and from the Altitude of the Nonngefime 32 deg 24 min. 57 
ſec. her true Altitude above the Horizon will be found to be 21 deg, 
28 min. 59 ſec- and the parallactic Angle 70 deg. 21 min. 43 ſec. 

Her horizontal Parallax is 56 min. 37 ſec. whence her Parallax 
of Altitude wilt be found to be 33 min. o fee. and conſequently 
her Parallax in Latitude will be 49 min. 35 ſec, which added to 
her true Latitude 4 deg. 36 min. 15 ſec. becauſe it is South, will 

ive 5 deg. 26 min. 10 ſec. for her viſible Latitude South: Alſo her 

arallax in Longitude will be found to be ry min. 49ſec. which 
being added to her true Place, becauſe ſhe is on the Eaſtern: Side of 
the Nonagefime, will give Taurus 8 deg. 19 mim 11 ſec. for her viſible 
Place; and conſequently the viſible Difference of Longitude between 
her and the Star is 17 min. 49 ſec. in Conſequence. 

At 6h 33 m. P. 44. the Sun is in Hb I dog. 17 min. 52 ſec. 
and conſequently his Right Aſcenſton is 218 deg. 51 min. 30 ſec. 
this added to 6 h. 33 m. the time from Noon, equal to 98 deg. 15 
min. oo ſec. makes 317 deg. os min. 3o ſee. for the Right Aſcen- 
ſion of the Mid- heaven at that time, whence the Mid- heaven it ſelf 
will be found to be in Aquarins 124 deg. 38 min. oo ſec. the Angle 
formed by the Eeliptie and the Meridian 73 deg or min 32 fes. 
and the Declination of the Mid- Heaven 26 deg. 28 min. 23 ſec. S. 
and conſequently its diſtance from the Zenith 6 deg. o min. 23 ſec. 
whence the diſtance of the Nonageſim trom the Mid-Heaven will be 
found to be 35 deg. 51 min. 3 7 ſec in Conſequence; the Mid- 
Heaven it ſelf in Piſces 20 deg. 29 min. 37 ſec. and its Altitude 
27 deg. 31 min. 20ſec. 2, it $5 pthr i e 

The Moon's true Place is in Taurus oy deg zy min. 14 ſec, 
whence the Difference of Longitude between her and the Nonage- 
me is 47 deg- oy min. 37 ſeci at which time her true Latitude be- 
ing 4 deg. 37 min. 12 ſec. South, her diſtance from the viſible Pole 
of the Ecliptic is 94 deg. 37 min. 12 ſec. hence and from the Alti- 
tude of the Nonageſime 27 deg. 31 min. zcœſſec. her true Altitude will 
be found to be 13 deg- 37 min. 14 ſec. and the parallactie Angle 
69 deg. 58 min. 13 ſec. 89K 0 4 4 94; [4 ) $6. 0 SIE E> Di: df 
Her horizontal Parallax being 56 mini: 35 ſec. her Parallax of 

Altitude will be found to be 55 min. 18 ſec. and conſequently her 
Parallax in Longitude will be 18. min 53 ſec. which being added 
to the true Place Taurus 07 deg; 35 min. 14 ſec. will give heryvifible 
Place in Taurus 7 deg- $4 mia, 7 ſec. which taken from 8 

* . 2828 s lace 
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place before found Taurut 8 deg- rg min. 1 ſec. will leave 25 min 
og ſec. for the viſible motion of the Moon in Longitude, between 
the times of Calculation 6h. 33 m. and 7h. 22 m. og ſec. during 
the Space of 49 min. os ſec. 

Whence to find the mean Time of the viſible Conjun&ion, ix will 
be as 25 min. ©4 (ec. the Difference between the viſible Places of 
the Moon at 6 h. 33 m. and at 7 h. 22 m. og ſ. the time of the 
true Conjunction to 49 min. o8 ſec. the Difference between the 
times; ſo is 17 min. 49 ſec. the viſible diſtance of the Moon from 
the Conjunction, at the time of the true Conjunction, equal to 
her Parallax in Longitude at that time, to 34 min. 55 ſec. the in- 
terval of Time between the true and viſible Conjunction, which be- 
ing ſubſtracted from 7h. 22 m. 08 ſ. the time of the true Con- 
jun&tlon, will leave & h. 47 m. 131. for the mean time of the viſible 
Conjunction, to which adding the Equation of Days 16 m. 07 f. 
the Sum 7 h. 3 m. 20 f. will be the apparent time of the viſible 
Conjantion 

From the parallactic Angle 69 deg. 58 min. 13 ſec. and the Pa- 
rallax of Altitude 55 deg- 18 min. the Parallax ot Latitude will 
be found to be 51 min. 57 fec. this added to her true Latitude 
4'deg. 37 min- 12 ſec- Seuth, will give 5 deg- 29 min. 9 ſec. for 
her viſible Latirude South, and comparing this with her viſible La- 
titude 5 deg. 26 min. 10 ſec- before determined, it appears that her 
viſible Alteration of Latitude between the times of Calculation, ts 
2 m. 59 f. incteaſing; whence to find the Moon's viſible Latitude at 
che time ofthe vifible Conjunct ion it will be, as 49 min. os ſec. the 
Difference between the times 6 h. 33 m. and 7 h. 22 min. os ſec- 
to 2 min. 59 ſec. the Difference of Latitude, ſa is 34 min. 55 ſec. 
the Difference between the true and viſible Conjunction, to 2 min. 
oy ſec. the proportional Alteration of Latitude, which being added 
to 5-deg- 26 min. 10 ſec. the viſible Latitude of the Moon at the 
time of the true Conjunction, will give 5 deg. 28 min. 17 ſec: for 
the Moon's viſible Latitude South, at the time of the viſible Con- 
junction: | | 
; The Stars viſible Latitude is 5 deg+ 35 min. 23 fee. South, and 
conſequently the Center of the Moon paſſes 7 min. 16 ſee. to the 
Northward of the Star. [3 9507 1:77 ern 

The Moon's horizontal Semidiameter is 15 min. 22 ſec. whence 
her appatent Semidiameter at 21deg. 28 min. 59 ſec. of Altitude, 
will be found to be 15 min. 27 ſec. #, hence and from the Diſſerence 


of Latitude between the Star and the Center of the Moon, the Im-. 
7 | | mer- 
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| of the Star under the Moon's Body will be found to be at ch. 
3 at the diſtance of 138 deg. 2 mig. 2, from the Vertex of 
the Moon on the Eaſtern Side at the point I, equal to the Supplement 
of the Difference between the firſt Angle of Incidence 61 deg; 
57 min. 38 ſec. and 20 deg.'00 min. 2 ſec. the Complement of the 
parallactic Angle: 69 deg. 59 min- 58 ſec, ax that time · 47 
The Moon's apparent Diameter at the Altitude of 13 deg. 37 min. 
14 ſec· is £5 min · 25 ſec. i, hence the time of the Emerſion from under 
the Moon's Body will be found to be at 7 h. 30 m. o4 ſec. after it 
has continued under the Body of, or been covered by the Moon for 
the Space of 53 min. 24 ſec. and will appear on the Weſtern Limb 
of the Moon at the point E, at the diſtance of 98 deg. 32 min. from 
the Vertex, equal to theſSupplement of 81 deg. 28 min. the Sum of 
the ſecond Angle of Incidence 61 deg. 53 min, 40ſec. aud 19 deg. 
34 min. 27 ſec. the Complement o — 2 Angle 70 deg. 
| in. 3 2 ſec. at that time; as in the following Figure. 
— OE. 25 Again, on the 16th of January 
1722, at 14 h. oOo m. oof. P. M. 
the Moon will be in Conjunction 
with the Southern Horn of the Bul, 
whoſe Place according to Mr. Flam- 
ſtead's Catalogue, is Gemini 20 deg. 
54 min. 35 ſec. having 02 deg. 14 
min. 24 ſec · South Latitude; at 
E bhich time the Sun being in Aqua- 
rius 7 deg. 56 min. 5 1 ſec. his Right 
Aſcenſion will be found to be 310 
deg. 22 min. 20 ſec. to which ad- 
ding the time of the Conjunction 
14 h. oo m. oo ſ. equal to 210 deg 
do min. oo ſec. the Sum 160 deg- 22 min. 20ſec will be the Right 
Aſcenfion of the Mid-Heaven at that time ; hence the Mid-Heaven 
it ſelf will be found to be in Virgo 8 deg- 45 min. os ſec. its De- 
clination 8 deg. 18 min. 11 ſec. North, and conſequently its diſ- 
tance from the Zenith 43 deg. 13 min. 48 ſec. 3, and the Angle 
formed by the Ecliptic and the Meridian 67 deg- 57 min. 20 ſec. 
hence the diſtance of the Nonageſime from the Mid-Heaven will be 
found to be 19 deg. 26 min. o; ſec. in Antecedence, and conſe- 
quently the Mid- Heaven it ſelf is Leo 19 deg. 19 min. of ſec. and 
its Altitude 5odeg. 35 min. 26ſec. 2. * 


* hed 
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The Moon's true Place is in Gemini 20 deg. 54 min. 35 ſec. whence 
the Difference of Longitude between the Moon and the Nonageſime is 
58 deg. 24 min. 30 ſec--at which time her true Latitude being x deg. 
48 min. 25 ſec. South, her diſtance from the viſible Pole of the Eclip- 
tic will be 91 deg. 48 min. 25 ſec. whence and from the Altitude 
of the Nonagefime 50 deg- 35 min. 26 ſec: 3, her true Altitude above 
the Horizon will be found to be 22 deg. 36 min- 54 ſec. and the pa- 
rallactic Angle 44 deg- 3 1 min. 29 ſec. WY EdD. 
The Moon's horizontal Parallax is 55 m. 15 {. whence her Parallax 
of Altitude will be found to be 51 m. 19 ſ. and conſequently her 
Parallax in Latitude will be 35 min. 59 ſec. which added to her true 
Latitude x deg, 48 min. 25 ſec. South, will give her viſible Latitude 
2 deg. 24 min. 24 ſec alſo her Parallax in Longitude will be found 
to be 36 min. 35 ſ{ec- which being ſubſtracted from her true Place 
Gemini 20 deg. 54 min. 35 ſec. becauſe ſhe is on the Weſtern Side 
of the Nonage/ime, will leave Gemini 20 deg. 18 min. for her viſible 
Place at that time, and conſequently the viſible Difference of Lon- 
gitude between her and the Star is 36 min. 35 ſec. in Antecedence. 
At 16 h-,00.m- oo ſ. P. M. the ſame Day, the Moon will be in 
Gemini 21 deg- 55 min. 27 ſec having 1 deg- 43 min+ 21 ſec. South 
Latitude, at which time the Sun being in Aquarius 8 deg. 1 min. 
53 ſec. the viſible Place of the Moon by the former Method of Cal- 
culation will be found to be Gemini 21 deg 20 min. 20 ſec. and 


her viſible Latitude 2 deg+ 25 min. 45 ſec- South, whence to find- 


the time of the viſible Conjunction ir will as 62 min. 20 ſec. the vi- 
ſible motion of the Moon in Two. Hours, to 2 h. ſo is 36 min 35 
ſec. the viſible Difference of Longitude between the Moon and the 


Star, to 1h. 10 min. 26 ſec · the Interval of Time between the 


true and viſible Conjunction; which being added to the time of the 
true Conjunction 14 h. oO m. oo ſ. becauſe the Moon is in Ante- 
cedence to the Star, will give 15 h. 10 m. 26 ſ. for the mean Time 
of the viſible Conjunction, from which taking away the Equation 
of Days, 13 min. 29ſec. there will remain 14 h. 56 m. 57 f. for 
the apparent time of the viſible Con junction: 

And for the viſible Latitude at the time of the viſible Conjunction 
it wlll be as 2 Hours to 1 min 21 ſec. the viſible Difference of La- 
titude, ſo is 1 h. 10 m. 261. the Difference of time between the 
true and viſible Conjunction, to 47 min. the proportional Alterati- 
on of Latitude, which being added to 2 deg. 24 min. 24 ſec. the 


viſible Latitude of the time at the true Conjunction, will give 2 deg. 
25 min. 


—— 4 
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25 min: 1 1 ſec. for the viſible Latitude South, at the tie of the 
vigble Conjunction. 

The Stars viſible Latitude is 2 deg. 14 min. 24 ſec. South, and 
conſequently the Center of the Moon palles 10 min. 47 ke. to che 
Sourhward Of the Star. * 

The Moon's horizontal Senmzdisaster i is 14 min · 59 ſec, ko 
her apparent Diameter at 22 deg- 36 min. of Altitude, will be found 
to be 15 min. 04 ſec. hence and from the Difference of Latitude be- 
tween the Moon and the Star, the Emerfion will be found: to be 
at 14 h. 36 m. 58 ſec. at the diſtance of 2 deg. 5 min. to the Eaſt- 
ward of the Vertex of the Moon, and the Immerſion at 15 h. 16 m. 
52 {. when the Star will appear on the Weſtern Limb of the Moon 
at the diſtance of 89 deg. 27 min. from the vertical pI * the 
Moon, as is u in the following Figure - 

| Alfter the ſame manner: may the 

time when the Moon will cover any 

of the Planets be determined, or 

that the Moon or any of the Planers 

will paſs by, or approach ſomear to 

any fixed Star, as to come within 

the compaſs of a Tellefcope ; ſo that 

the time of their viſible Conjimction 

and the diſtance of their Centers 

may be pronoun eed, by rhe-hetp ol 

24 Micrometer, which latter Appear- 

| - ances are called the Appulſes of the 

Wi Moon or Planets, to the fixed Stars, 

and are of equal Benefit and Advantage to the Seumen, wh the Oc- 
cultations before Inveſtigated. 

"WM An exact Knowledge of the times when Appea tances of this 

ind do happen, are of very great Uſe in finding the true Place of 

the Moon and Planets, and the Difference of Longitude between 

thoſe Places where they can be obſerved, as has been ſhewn in its pro- 

per Place: and His late Majeſty King Charles the Second, was ſo 

well aſſured of this, that one of the principal Ends for which he 

Built the Royal Obfervatory at Greenwich, was with a View to ob- 

rain a good and correct Catalogue of the fixed Stars, in order to 

obtain good Tables of the Motions of the Moon and of the reſt of 

the Plancts, and render Predictions of this kind more certain; 


this that great ANronomer and moſt $kittul and diligent 2 
c 


— 
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the late Reverend Mr, Flams?eed, appointed by the Royal Founder 
himſelf, has after 30 Years indefatigable Pains and conſtant Appli- 
cation to the Heavens, happily accompliſhed ; and has lefr behind 
him the largeſt and moſt exact Catalogue that ever the World was 
enrich d with, containing about 3500 Fixed Stars, of which near 
1000 lye within the Zodiack, to the great Honour of the Britiß 
Nation and the laſting Reputation of the 4zthor ; a Treaſure that 
will render his Name valuable to the lateſt Poſterity ; and will per- 
petuate his Memory fo long as Men ſhall view the Heavens, or Ships 
{ail upon the Ocean. | | 
By the ſame Method as we compute the Time when any fixed 
Star will be Eclipfed by the Moon, and its Emerfion from her, or 
the diſtance of the Center from ir, when not covered by her, may 
the Beginning, Middle, End, or 88 of a Solar or Lunar E- 
clipſe be determined; regard being had to the horizontal Parallax of 
the Sun, his Semi- diameter and hourly Motion; but for this I ſhall 
at preſent refer the Reader to the ſeveral Treatiſes that have been 
Wrote upon this Subject, and particularly to the Doctrine of the Sphere, 
where he will find theſe things performed by a NewMethod of Con- 
ſtruction, intirely free from the perplexed and intricate Confideration 
of Parallaxes. bank 3 „„ 
As the generous and unprejudic'd Reader will readily cohclude, 
that the frequent mention made ot Mr. Flamfteed, cannot proceed 
from any ſelfiſh View, (ſince no Advantage can ariſe from praiſing 
or flattering the Dead) but from a great Eſteem, grounded upon a 
juſt Knowledge of the Merits of ſo great a Man, fo the ſame ge- 
nerous way of reaſoning, will neceffarily lead him to excuſe the fol- 
lowing Account of what he left behind him; and the rather, in 
that it only ſuppties 2 vacant Space, and may be a Satisfaction to 
ſome People who are true lovers of this Sience; and who may be 
willing to know what Helps in time may be afforded them. 


; 


HE firſt Volume contains the Obſervations of Mr. ian 
Safcoigu, (the firſt Inventor of the Way of meaſuring Angles 

in a Tleſcope, by the help of Screws; and the firſt that apply d Te- 
lefcopial Sights to Aſtronomical Tuſtruments) taken at Middleton, near 
Tehds in Hdrkſbire, betyrixt the Years'1638$ and 1643; excetpted from 
his Lerters to Mr. Cyabrree, with ſome of Mr. Crabrrees Obſervations 
of the ſame Tears: as alſo Obſervations of the Sun and Moon's Di- 
ans, Conhigararions and Hlongarions of Jap Stelfies from 
£ ; ind 10582058 Eee ttt Mn r 38 
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bim, ſmall Diſtanccs. of fixed rang rich, A pulſes of the Moon 
ODICTV | 


and Planers to them, obſery d with, a. Teleſcope and 4 icrometer at 
Derby, by Mr. Flamſtced, betwixt the Years 1670 and 1675 ; with 
the larger intermutual Diſtances of fixed Stars and of the Planets from 
them, Eclipſes, of 7 Sun, Moon and Jupiters Satellites, Spots on 
the Sun, Comets and Refractious taken with a Sextant of near Seven 
got Radius, a voluble Quadrant, and the above-mentioned Initru- 
ments, betwixt the Years 1673 and 1689, at His Majeſty's Olſerva- 
tory; ranked under proper Heads, and fubjoin'd. the Places ot the 
Moon, Saturn,, Jupiter, Mars, Veuus and Mercury: deduced from the 
Obſervations, and alſo neceflary, Tables to be uſed with them. 


$ 4144 4 4 


he | 
wheteby THE Right AlGphons and Diſtances from the Pole may be 


determine 


eryations. made before his own Lime; with a Deſcriprion of the In. 

a ts made Uſe of 5 8 2255 ks Obſervations 
and Inſtrmuments, together with Ptolomy's Catalogue of 1026 fixed 
Stars in Greek with a new, Latin Verſion of it and Uleg-beig's Places, 
annexed on the Latin Page, with the Corrections. Small Catalogues 
5 A 


feeds genuin Catalogue, 


able containing, &c. 515 
of the Arabs, Tycho Brabe s of "about 780 fixed Stars, in a proper 
Order: the Landigrave of Heſſes of 386; Hevelius's of 1534 in a 
proper Order: Dr. Halley's Catalogue of about 3oo of the South- 
ern fixed Stars, reduced to Right Aſcenſion, Diſtance from the 
Pole, Longitude, Latitude, with, Variations of Right Aſcenſion 
and diſtance from the Pole ; done 2 his Diſtances and Mr. Ham- 
in which the Stars Places are reduced to 
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| F 

Charts of all the Conſtellations viſible in our Hemiſphere, contfua- 
ed after a new Method of his ow; wherein the Ancient Figures are 
reſtored and the Stars laid down from the above-mentioned Caralogue, 
with large. Plauiſpheres both of the Northern and Southern Conſtella- 
tions; alſo new Aſtronomical Tables deduced from his own Obſerya- 
tions, for finding the Places of the Luminaries and Planets; one Vo- 
lume of Ada; a VolumEot-Aſtronnmical Lactures read at Gre/ban 
Colledge, with ſeveral other Tracts; a Volume of Letters of the 
learned and beſt reputed Mathematicians, (in which are many 
valuable Things) particular of Monſieur Caſſini, Sen. Monſ. Hevelius, 
Monf. Blanchini, Sir Jonas Moor, Sir Chriſtopher Wren, Dr. Wallis, 
Mr. Molyneux, Dr. Gregory, Mr. Caſwell,” Monſ. Romer, Mr. Olden- 


burg, Mr. Collins, Mr. Townley, Sir Iſaac Newton, Dr. Halley, Mr. 


Sharp, and. others of leſs Note. 
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A TABLE, containing the Right Aſ- 
_ cenſions, Declinations, Longitudes and Lati- 
- tudes of above Sixty Eminent Fixed Stars, deduced 
from tte Flamſteedian Obſervations, and fitted to 


_ the Year 1726. 
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| N Beal of 22 — —ů— — — 
The Bright Star in the Tail of the Vale — — — 
fee Knot ub rhe string of the' 'Fiſhes — — — 


5125 atv of the 10h le G — — 


* | ken = . 


de Brig KM Peſo. TFYYW THT" Z UCT Ye n n — Ter 
- 1 Bel Aldebaraa+ —y— — — — 
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Krb precedin NLO LICL 
ne Southerh Horn ee ah Adi. re 
re aüddtenboſt i in the Belt of Cin! ꝙͤ —½—2 . 

Tab, Girdle of eee 
be foBowing Shoulder of — — —— — 
The Dog. Star Syr jus ——— of "be 
— or the Little Dog Sta! 1!ÿʒͤ,ññũ!ñlñ ! 
Pollux, or the Head of the Southermoſt Twin 


— — 
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Mi 


of Hydra woe 
The 2 s Heart Regulus 
ho * of the two — Stars in the Sure of the Great K Bear 
&df the Guß 
: Northermoſt of the t preceding Stars in the Square of the Great 2 
1 Tie Ne the bottom of "the: Cup — ——ñä— 
W # Dene — 0092 7 EOS 


| of des —.— Stars nth the Square of the Great Bear- 
In Lage muy the Crow | 


in the' preceding Wing of the Crow — === — MELTS 

orthermolt of the two following in rhe ——— 

In the following Wing of the Crow ä — Senn 
In the Feot of the Crow — | | 
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The firſt in the Tail of the Great Bear 6 

In the Northern Wing of the Virgin | Vindemiatrix — om 
Ihe Virgiu's Spike — — — — — 
The middlemoſt of the three in the Tail of the Great Bear „ 
The laſt but one in the Tail of Hydra 1 
The laſt ot the three in the Tailof the Great Bear mn ß⸗çc%;ůũ% 


In the following Shoulder of the Centaur . 
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The Names of the Fixed Stars. 
; REEL r | 7 5 2 . 54 id 
Fei 1 E: * F 

Artur — — eee Gree es, 

The Bright Star in the Southern Ballance +— yͤ„!„ĩ« 


The bright Star in the Northern Crop —— — —— — . 
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| [The bricht Star in the Neck of the Se bent .. 


The Heart of the Scorpion Antares T- ͤũÿfCũ 
The Head of Hercule xk —᷑—:˙:.ññ1Ä—kt err 
The Head of Serpentar iu 131!łÿłã˖ẽ/⁊ã i 
The following Shoulder of Serpentariss!ö!L!üx%6 “ — — 

In the Head of the Dragon, a Bright Sta .⁊äuwÄ mmm 

The 5 Star in the Hurpr—·ä(5ßʒñ³ͥ(vẽ ͥ̃ĩäͤĩ—.—7ßVvꝛꝗꝓ—&—Ff on ono 

e midd]emoſt of the three in the Head of Tagrttary — — 

The Bright Star in the Bal —äͤ ͥ—＋—. 


| The Hand of Antinous — —— GùἈü 

The following Horn of Capricorn!ꝛ'kpvũ . ñůũkł — —L 
The following Shoulder of Aquarius ——— — . 
The bright Star in the Tail of Capri tx nmr mmm 
The Mouth of the Southern Fiſb Fomalb aut —— — 
In the flying Horſe, the bright Star Sebeat — — ons nk. — — 
ln the flying Horſe, the bright Star Marc bab — — — 
The Head of Andromeda — rn nn, nes emma nm 
ln the flying Horſe, Algenib | 
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And for the Benefit of the Southern Navigation, I have added 
tions of the Four remarkable Southern Stars, commonly cal- 
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. preceding of the two middlemoſt inthe "« 3 ES ER HO" 26 2 8 
The Southern Foot of the Cre -- | 
The Northermoſt of the Four. eee 


The following, or Eaſtermoſt of the Four —— — — 
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| Magpirades Right Aſcrnſons, bes !zT 3.19 
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Longitudes, Latitüdes Rig be Aſcenſi ons and Declina- 
15 the Er ters ; deduced ort Dr: Halley's Obſervations, 
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520 Aſtronomical Problems. 55 

The large Table of Declination, the Solar Tables, together with 
the Solar Theory, alſo an Account of the inequality of the Solar 
Days, and ſame other uſeful Matters that were deſign'd to follow 
next, wil be found towards the End of the firſt Volume. 
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A TABLE of the Latitudes of the Principal] 
Sea- Ports, Headlands, Iſlands, and eminent 
Towns in the moſt frequented Parts of the 
World; wich. their Longitudes from the Meri- 
dian of LONDON; deduced from the lateſt} 


and beſt Ohervatians and Journals. 
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tit. Longit. 
Places Names. — — 
Acapukes in Mexico — 117 30 10 
Abbeville in France —=——- —— — 0 07 57 E 
Aberdeen in Scotland —— 7. 24 37 
Ade in Spain — — 143 19 33 IE. 
Agra, the Mogul: C — — 128 30 200 E 
Aix in Provence xk — [43 30 50} E 
Alby - * — 143 55 23]E 
Alenſon ——— 16 292 oz IE 
Alexandria in Eygyptt ——— — 131 07 2 | '33 00 E 
Alexandria in Syria — 36 32K 36 25 E 
Aleppo in Syrig —— ———[37 20] 36 200E 
Algier. 136 4o0 [ 3 05RE 
Amiens in Prance — [49 54 1 2 20 
Amoy in the Eaſt Indies ——— — 4 35 F116 55 IE 
Amlterdam in Holland — — 2 | | 45: 
| Ancone in Italy ——— ———— —[4;3 31 14 30[E¾l¾f 
Angers in France . 47 27 29 
Anout in utland — —- 36 42 zo 581}E 
Antibes in France — ———— 143 34 6 43 E 
Antwerp in Flanders ——- — 51 to 4 10JE 
Antiocha in Syria 36 40 $|E 
Arras in France ———50 178 2 5oþE 
Arles in Franc ——- 555 43 40 46jE 1 
watulco, Weſt Coaſt of America —.— 122 oz} W 
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0 nah (2mm many - Earit, — 
[ IR" Places Names. . 
1812 214 tb MI. | 
nta on the Weſt Coat of America = — 118. 12 8 
Archaugle Bar. 219 144. 30N 
Athens " — ; 138 [NI 
25 Aun's Foreland — 263 = 32N 
uon in Frafite) x — 43 SIHIN}: 
Hurillac — — 14 55 IN 
Auxerre e 47 46 N 
Balglan . 4. 12LUN 
I Ballaſore in the Bay of Bengall 21 20 
Baldiwia;-on the Weſt-Coaft of America | 39 358. 
ant in Obs Ide of Java — 1 5 47N 
ay Bouaventura, Veſt Coaſt of Antrica 32] Nj-S0—06+W 
Bay of Breſt, i Newfoundland . —|32_10]Nſ. oe 
| Bay Todos oY Brazile, — — 3 Os 6 
Bay, Bulls "MIN — —þ|[47 49[N[ 54 
Bargarers, in Point hk —— — 66 30 N. ö 2 
Barbados +— 1 13 30]N[- o 
Barcelona i it ah | ; o— 141 26 NT N ö 
Bayone ;0 © 3 YR 43 29 [NL 1 30 W/ 
Batavia ( ——757 kB! Sy —.— „ [105 46 E 
Belfaſt in Beland 1 N Jof 
Beachy Head 755 7 N — 0 48 [NIC 0 25 E 
Bencola in t 8 3 3008 [ror 13 E. 
Bengal ir! F She] NR 
| Bay of Trinity: —— — [42 27]N] 54. 54] W. 
Beeronberg, or John Mains Iiand — [71 45}N] 4 3olE 
Berwic in England — . —|55 $o|N] x 39 
Bilbia in Spain —— | — . 30 NI 3 oO 
Beauuais, in France — —|49_26|N]. 2 :0]E 
Ber lin in Pruſſia — — 72 33 [NI 13 3E 
—_ — + --— 127. 20 NIL 6 'o$]E 
. | Befiavs =—— —  ——|43 20⁰[N T2 17|E 
Bergen in Norway \'==—=,, — |51 oN 7 300E 
Beeſora, by the River —— — 130 oo N 50 8 


—— 10 42[N L 1 46 
ITY —_—C— . 


; 


| Bareſlav in Sileſia — SEND: 


ſcape Cautin on the Coaſt of Barbary — 


c. Charles on Coaſt of Hudſons Streights 
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Ny Names 
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Boulogne in hah —— 
Bourdeaux in France — ä — 
Bononia in Italy ——. — 
Boſton in New England — 
Bornholm in Den marie 
Bourges in Fraue — 


Breſt in France 
Bridge Town in Barbadoes 
Bruges in Flanders —ů—— 
Bruſſels in Flanders — — 
Brill in Holland — — 
Burlings of Lion —— . 
Buenos Aires, on the E. Coaſt of America | 
Cape Bona in the Streights 
Cape Bayador, on the Coaſt of Barbary 
Cape Blanto — — 
Cape de Baſſus — —— 
Cape Bona Eſperance 


Cape Corientes in New Spain — 
Cape C hurchill -— 
Cape Charles on the Coaſt of Virginia 


Cape Collone in the Streights 
Cape Coquibaca, in South America — 
Cape St. Angelo in the Streights 
Cape del Agujo, in Peru 
Cape St. Auguſtine in Brax i. 
Cape Cod 
Cape Blanco, near River Camarono — 
Cape Correntes, on Eaſt Coaſt of Africa 

Cape Comerin in India 


Cape de Geer | — — 


„— { 
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Cape Clear 
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a Longitudes of — 
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Plices Names. 
Cape Clear in Ireland 
Cape de tres Forcas, in the Streights —— 


— — 
* 


Cape Gallo, in the INand Ceylan 
Cape de Gat in the Streights ——— 
Cape Guardaſui, by the Red Sea 
Cape La Hogue, in France — 
Cape Finiſten — 
Cape Lagulas, near the Cape of Good Hope 
Cape lopez, on the Weſt Coaſt of Africa 
Cape St. Luca, ou Weſt Coaſt of America 
Cape de Lampo, on the Coaſt of China — 
Cape Martin, in the Sereights — 
Cape Matapan, in the Streights -- 

{Cape Martelo, South Point of Neg 
Cape Monte Scauto, in the Streights =-- 
Cape M iforato, in the Streights — 
Cape St. M ary, in the Str-ights 


| Cape Maca, in the Gulph of Perfia — | 


Cape Palmeras, in the Bay of Bengal — 
Cape Ortegal, in the Bay of Biſtay — 
Cape Palos, in the Streightt ———— 


Cape Spartivento, in the Streights — | 
Cape St. Sebaſtian, on E. Coaſt of Africa 
Cape Meſurada, on the Coaſt of Guinea | 
Cape Palmas, on the Coaſt of Guinea — 
Cape. Olreada, onthe WW. Coaſt of Africa 


'Cape Ruzuto, in the Streights 


| 


Longit. 


Cape Formoſa, in India — — 


1 
ropom | 38 


OY — ——— 


Cape Negro, on the Met Coaſt Africa 
| Cape Negraes, in the Bay of Bengal — | 


_ 
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Cape Spartel, in the mouth of Streights 


Cape St. Sebastian, WH. Coaſt off America 


Cape St Thomas, in the. Streightr — =| 2 
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Cape Three Pointi, onthe Coal? of See 
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A Table of the Latitudes and Longitudes of Places 


Places Names. 


Cape Raſalgat, in India nant 
pe Trafalgar, on Wet Coaft of Africa 
ape Verde, at the Iſle of Goree— 
Cape St. Vincent 
Cape Britain, in Newfoundland ——— 
Cape Bonaviſta — 
Cape Farewell —————— — 
Cape Horn ==— — 
Cape Hateras, in Caro iunasa(qyↄqn— 
Cape Henry, in Virginia — 


Cape Hirloper, in Maryland 


ape Floridd — — 
Cape Heneritta Maria, C. Hudſonr- Bay 
North ( ape, on the Eaſt Coaſt America | 
North Cape 
Cape Fones, Hudfons- Bay Coaſt 
Cape Frio, in Brattile | ——— 
[Cape Race, in Newfoundland. — 
Cape Roy, in Næufoundland — 
Cape Roque, in Braxille — 
ape Sable, n Nova Scotin — — 
Cape St. John, in Newfoundland —— 
Cape St. Maries, in Nova Scotia —| | 

ape Victory, inthe Streights of Magellan 

ape. WW aljingham — — 
Cape Southamprou. w—— — 
ICadix, in Spain — — — 
Calnis, in Ran ce —— 
ambray, in France. — 


Cambodia, in India — 
Canea, in Crete — 
Candea 2—ͤ— — — — — 
Campeche, in the Weſt- Iadies — 
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| _ | 5 . — 14. co D N. 1 | 
Coane an 1 the 13 WeB-Indiet — — 04 56 NI. 519 25} WI 
rand Cairo, in Egypt — 130 N 34 200 E 
eee 75 5o[W 
Canton, in China —— — [23 300 NIIIZ 0E 
Neu Calubar, on the Coaſt of- eke o 10/N]| S8 20 E 
Old- Callabar —————————-— [04 15]N| 9 27]E] 
.Calecut, in India — — — —— | 12 17 N74 54[E: 
Cackers, in the Chauzel of England — [49 50[N 2 32 N 
Cheuſan, in hina 30 ON (121 35 E 
ochin, in the Eaſt-Judies ; Þ ——_. — 10. NC 451-E 
Charles Town, upon Abl River ——'[32 .49|N| 78 50 | 


Chriſtiana, in Norwgy ———— — 59 10 
onimbra, in Po; Nati 


Coningsberg, in er os . 5 43 


Conception: Bay — — — 2147 53 54 20 
Conſtantinople ——— — 141 07]N]. 31 45 
Copenhagen, in Denmark — 155 40 12 30 
Cracow, in Poland 50 10 19 35 
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Cuſcou in Peru 1 12 25 
Dantzic, in Poland -——— ——— — 4 22 
Darby, in England ———— :w U 152 


Darien, in the Weſt Indies — — 108 30 
St. David s- Head, in England — — "Hi 55 


A 
by 
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Delphos | 
| [Derwinda, in Courland, upon the Baltic 

Dew Point, in India ==>. — 415 50 
Diep, in France — — 149 56 
Dover, in England —— — — [1 08 
Dronton, in Norwayy—— — 64 oo 
Dublin, in lrelana—!! — 4453 12 
Dundee, in Scotland du!: — | 56 30 
Dunkink, in Flanders —1 51 { OI 
Dumuoſe, in the Iſie of WWeobt — - if 
Durazzo, in Dalmatia ——ů 
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— | 
* 1 Latit. Longit. | 
— Places Names — 41 1 — 
Ae D M D M | 
3 [  —— — + 1211 — 
 Edenburgh in & col land — — 5 571 io. 56 M 
 Elſinour, in the Baltic Sea — 76 or 12 32[E | 
| Embrun, in France - 144" 35-Þ os 25ſ/ E 
Emden, on the Couſl of Holland — ſo; |: 40 E 
Epbeſas -* 1— — 1} Kh... 
El ndide, in the Gulph of Mexico — 28 20 99 oolW 
Fri Foreland, in Greenland — 9 184. | 10 50 E 
'Fait Forcland Wand — — 165 10 | | 29 45M 
Forta Head) in Scotland Brann 158- 234 o; os[ 
Ferkara, in Italy —|44 54 it 5E 
lech, in iy 8 a — |47::424: e O MN 
Feel —\3z w| [os / 
Ihe Fly, ie 0450 Holland: KEE 53---+8-|-- | OF 35/E 
Forpnce © — — —T „i 5olE 
Fort St. George, In India 1473-08 E 8t 1e 
Eran fort, on the Main 7 0,10. cle 
alli poli, in Italy '—— 7; — — fle- 8 118 lf 
Galllpoli, in Anatolia ——' c fer 30 | | 27. 58$tE 
ÞGalloway, in Ireland 53 10 [8] 10 oN 
Cena — ' — ̃᷑ FT—— [46 22 || 06 35(E 
Genoa, in th: Streights © — [44 275 [oo 5o[E' 
5/098 in Scotland —-- — 65 5 | 04 oh 
bent, in Flanders ;  _——ſ5;' or |. 1:03 yoſE: 
| ibratter, mouth of the Streighte- s- oz 1;0W 
Gottenberg, in Sweedland- | 457--33-+-4 12-2516 
Goa, in India | — — 115 30 * 73 Sc. E 
Goes, in Leland | —— — 11 39 O04 ogjE 
Grenoble — — 145 16 o6 E 
U Greentꝛeich, at the Royal Obſervatory— 51 284 Go OF[E 
|| Guatimale, Weſt Cooft of America — 14-25 | |. 96. oolW 
Guernſey, in the Britiſh Channel —| 49 3602 40] 
Hacluits Headland, in Greenland — 79 35 12 oo UE 
Halliford, in Iſland — 64 30 | 27 15[W 
| Hambur „in the Baltic Sca— 52 41 
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(| 1 — — — 
Hartland Point, in England —— 
Havre de Grace, in France =— — 
Heidelbourg, in Germany — 
Helies Sound, in Greenland 
Helighland, in Greenland —— 
Hoaignam, in China? 
Holy Head, in England — —— 
Horn Sound, in Greenland 
5 St. Foun 's Harbour, in . AIDS 


| Bahama Iſlands, 


i 


Abacco, Southeporut ———=— 


g Andras, Narr Point == — — — 

5 Bahama and — — — 

- JBahama Bank, North-point. = — 
Bermuda: 2 — ——_— 
Cancas Bank, Nor tD=f017 =p mnnmnepnmmmnm 

. Cat · Mand — 7 — . — 

ICrosted Iiland, North: point — — 

1 > | f xu — w_ —__—_—— cc DO = 

| Frenth =; — — — — 
| Hogftyes — ——— — — 
kynaago — 3 — 
3 South point — — 


_ ad 


3 — 


Arche, North-point · — 


Merapervouz — — — | 


Platwrack — — — — 


un 
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| Latit, | |Longit. ” 
Plades Namen CLONE — 
| Fe! nents | D M D M 
r 
Rum Rey — — 23 471 75 08 
Watling-Iland — — 44 07 74 50 
N Thang — —— 21 30 69 804 | 
| ** 4. 3 
| Cape de vd 48 "= phil IP | 
st. Antonio — | 17 20 24 5014 
| Bonawiſta — i 5 22 33 
rer 14 551 „24 35 
Fu“ —— 15 oo 24 os: 
Jago ? PR — [15 jo] 23 30 
St. Luc ia :?: N 17 20 24 oO 
May |; . 5 
St. Nicholas -=— — — 17 12|'Z| 23 30 = 
— — — 116 458122 3015 
t. Vincent — ä — 117 10 * 20] © 
* l 48 
oy 3 
Can Handi. 4 E 
Cannarie — — 27 40 9 16 10 : 
Ferro — — 1 — ñ.1. ; LE I. 
Fortauventurnãä(aoq ⸗ ! — 127 50 [14 30 
Comero— — — 127 50 83 
Lancerota 0 — 28 267 | 13 36 
Madera, Weſt end — — 22 20 17 30 
Palma — — 128 20 18 30 
Porto Sancto — [32 45 16 05 
Teneriff — — — 27 50 17 5 
Caribbe Thands. | | 
Paar — 18 20 62 16 
Antege —— — 7 30 60 40 
rooms We. — — 113 25 8 10 
E 2 — 
"S- Tete 8 Ber- 


530 % Table of the Latitudes and Longituars of Places | 
Latit. Longit. 5 
Places Names. |_-- | — 
| D M D M 
[Berbuda = — — 7 58 160 40 | 
St. Bartholomew — 18 15 61 45 
Cape St Antonio — i zo] [88 o 
[Cape Crux, Hiſpaniala- — 119 20 78 20 
Ist. . — 127 55 61 30 
St. Cruz —— 18 oo 63 25 
Curgſco — — [11 32 68 20 
St. Domingo, in Hiſpaniola - — 18. 20| | 69. 55 
Dominico —— e 60 35 
Eaſt End of Cuba- | | 20 95 2 74 00 
Granada — — nne 35 
Suardalu ag — s ooſT| 61 105 
Havana —— © Of He nets na 22. 40! E ; 83 OO -| 
St. Lucia 8 —— OY. 8. 2.1] 60 15 8 ö 
Marigalante — — 16 or! & | 60: o00[#Z 
Mariinio·— — AA? 50S 
— —— — 8 | 62 108 
3 Manſerat —— — [17 05 60 45] | 
Nevis 3 — — 7 16 100 
Porto Rico, St. . . ET. 200” 184 aL 
Port Royal, in Famaica- .———{7 40 176 oo] | 
Trinadada — — — 10 05 60. 18 
Tobago — IL... 59 40 
St Vincen ——- | 13 25 + 60 20 
| » Iſlands in the Eaft Indies. j x 
Abdeleur - — — 12 27 NT 52 35[r| 
De A onſo ho ——ſo5 35|N[138 32|S 
Achar Baniau | 12 50{N| 69g 30 
Almircant Iſles, Eulen. — oz 428 | 52 208 
Ambeina —ſjo3 558 [i56 201. 
Amſterdam — 38. 5008 | 71 3olE 
Lan terdam — : — 25 535] N 1130 ..00}”” Y 
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| Latit, | Longit. 
Places Names. — — 
| D M D M 
Andama, North End — —— 13 oo[N[ 9: 3o 
Bantam, in Faves — — o; 378 [105 11 
Batavia — —— [05 478 [106 27 
Banca, South End — — oz oo[S roy 30 
Banda Iſles — — 04 308 [127 30 
St. Bartalamo —— —|o$ 55|N[147 os 
Baly = - —— o8 5 S [114 05 
Babelmandel, in the Mouth of the Red Sea 12 25 NT 45 45 
Baſſas de Chagos — — [06 o5|S | 71 09 
Baſſas de Barchas — 04 30[S | 50 oo 
Baſſas de Patron“ —— 404 35846 10 
Baſſas de Iudea ——— —— 121 308 | 40 30 
Baſſas de Padua — 12 35 NI 71 os 
St. Brandoun.äkꝛyñü 116 2448 64 45 
| Borneo, North point — 07 20|N|[i1: 30 
| . South point —fjo04 14|S [ti2 52 
Borneo —— — 04 208 [109 50 
Biblan — —— Nj 
Buro — —— o3 388 [124 oo 
Cape D' Ambra, South End — 11 51852 os 
Comero 3 8 5 — 11 058 | 43 of 
Cebes North End — — o o 2NII21 30 
South End —— — ſjos oo{[S [117 27 
P. Condor — — 108 45|N[ro5 55 
Cbeuſan — 130 oN fta 35 
Ainam Weſt point:— — [19 o No 10 
| Eaſt point — 19 30 Nero oo 
Almix ant Iſies, the Weſtermoſt 8 
De Caſa — — N 
Carimon — — 8 
De Curia Muria — — * 
Dina — H—— | — N 8 
Das Reys Magos — — N 
Deſerta —— — N 


32 4 Ta of 5 D and Comer; Tf Placer 
. the Latit. Longit. | 
| Nicks Mivine | 1—.— 
4 5 D M D M 
Des Colunas — ——| 25 OOo N44 200 
[2:90 RS en — 1 353 P15 
Ogo Gratioſa — — 18 20869 35 
Egan: :?:: — 5 208100 52 
Good Fart une — - | ol- 2815 97 261: | 
Formoſa South point — 21 304N | 12g: 16 
' -- Nath 2 — [25 N- 56 
It. Fraxciſco. " k ——| of 28[8/ 58 056 
De Gallega , i — — — O9 02 iS. 55 25 | 
De Oralii=—  — -[ , 35565 35 
Fqua,' E'ftend — — 8. 2050 |; | 
74 an, S. E. point. — — 434 30 /⁰N 129 351 
+} 8. W. point —— 135 20 N14 0 | 
557 Fay" de Nova - 2 e 16 40. . 41 200. | 
ls d ES Kcceſſe — — 8 50 N 128 051 1 
Joanna — 112 108˙¼C07⁵⁴44 3212 
Tloris, N F. end- — - floss 598122 5 1 
W. end — — [os oz[5-[ir9 388 
Guerga — 29 024N- 129 352] 
” Rugay — kw 18 55]N|139 o5| & 
Lafrone liet. Gregau — I 55|[N4139 o 
1 aw — 46 30% N13 % % 
3 La Guana,, ——|13 39|N|[138 50 
Lucon, South point | ==, — 12 10 N 120 50% 
North point — 5 r 40 | | 
Languin . PTE — 7 5 [Nfirg-.05þ | 
Los Hormanos,; mms  w—| 19. O2 N 4 155 40 25 
La Martienes .! —þo5 50 N. 129% opp] 
Los Martzeres, . — 211 05{N+133 _ | 
Vacs 20%, _ — 107 SPP Jig. 05 aviry.; ! 
 Mapalotes. r 08 40 N{429-- 20Þ. 
A urg — — 06 25 81112 oOo 
Ae Sourbendof 5e aul 25 328 | 479- 15 
12 — — 112 29 5 | 4 8 
5 We £ — a Mal- 
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Longit. 2 | 
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( Places Names 


— — — * 
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Mae Nb e 


Ma/i gue enn 
indano, Me ſt point 


aaritias 23 — 


ambaſa and) 
eniſca 1 — — 


| South End 2 


EZ ZZ 


obilla —— —. 


2 2 — . * 


| vſracenbas f 


> 


_ 


ö * 3 | 
PD LLEONRN v1 " = * 


* 


* e? — — 
Maeira — | — 1 

ieobe / — — — | | 
— 


rinees and — 


omeras-de Ca fie iames 


8. E. 


e 


1 Souls Eu- 
4 rRins Iſland. — 


— © 


GOO > 


— 


ﬀabella -—- — 


OZ GO 


Marra, N. W. End — 


. 
» 


CESSESOS 
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Finer, North End \ w.— 
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- Wd Cry". Ä OS 
A 75 , = — — — * 
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5 34 A Table of — — Nw Longitude of Places | 
2 | —.— Latit. 4 Longit. | 1 
Places Names. — 1 14 — —1 
0 D M D M 
| — — — 4 —— — 
Ias de Dego Rays — oO oo 72 OE 
Ins de Amber n: — [| o0 Oo 50 30 E 
Zocatra — 112 28 N 54 20 [E 
Zanziber —— — | 5 | 5E 
Southern 2 | 
| 
Aunabona — — ———ſor 058 o 30 E 
Aſcenſion —— ee 07 40,8 1 14 50 
St. Hellenn pos R 8 os 30 
VFardinando a Po == — o 48 NI 0 58 [E 
St. Matthews — [or 408 | 07 50 [W: 
Princeps — — —_o: iN 9 'o; ET 
St. Thomas — 100 oo] | 08 oo E 
Hands wn the gg 55 | 
IAloran A 36 oo 02 Oo 
Cape Paſſaro, in Seicilly —— 2 55 15 oo E 
Ce H. Jom, Weſt aud of Canada — 5 24 07 E | 
| — the Eaft end of Canada 35 25 27 10 [E 
I Corfu f — 1. 20 05 2 
Capraia — — 1. 06 10 40 E 
22 North End —— — 02 25 09 jt. E 
0 South End — nn _ 41 30 3. 09 ' 06 E 
' | Chefaloxica — 138 ;oſ-;.: 30 E 
[Cyprus Weſt End — —135 218.33 oo E 
Fa E — 135 35]E 135 55 [EE 
- [Formentaria —— — 138 44902 or E 
— — — $37 40 4 08 50 E 
jeh — . — 6 47 io 38JE 
Lemnos — — cn 26 o5 E. 
Libboa — roi — [42 45 11 os E 
Majorca City ee eee e | 04" 24 *E 
IF | | Malt; 


— b 


| 4 Table 75 the Latituder and Longitudes of Places 5 | 
| I Latit. ] Longir. 
Places Names. 1 == 
. D M D M. 
— — — 1 a —-— 1 — — 
N A — [36 15 N | 14 30 Y 
Murit imo — 38 n2[N}] 12 55 
Maſſina in Sicillh — — 138 21NI16 oo | 
 IMendon Morea — 136 50 N20 42 — 
Port Mahon Minorea 39 300N [oA 200 
Rodes City. —— —— jj 4:}N| 4 | 
| Sardina South End. — 138 $o[N} os 50. 
8 — — 38 2⁰ N24 48 
Sracuſa, in Sicll ß. 37 04/N| 15 20065 
luica — — 39 oN for col . 
Ea, 1, 8 K 37 45|N; 21 10 
. 1 4 | | 
\ Weſtern Iſlanas. [ . | 
re. — 44 oN 31 55 W 
i — — 439 32]N| 31 52 W} 
St. George ——— — [39 17}N |} 29 oo W 
St. Marce.—— —— ——|;7. oo[N| 24 55,W| 
St. Michael E — 487 50 N 24 312 W 
Pico — — — 8 454N} 29" ae 
Tarcena — 39 58|N 27 O W 
Admiralty Hand, Nova Zembla — 45 oN 52 50 E 
Baſtey Ie, in St. George's Channel ! 52 146] No 58 W 
Bell Ile, the Bay of Biſcay ——- [47--20\N| 03 z0]W 
Bell Hand, Newfoundland — N 54 10,W 
Buttons Ile, Hudſons Streights —— |60 o5|N | 69) 50 W . 
Cherry or Bear Iſlaud — [74 35]N| is E 
Croſs Inland, White Sea. — 66 31]N4|.36 23 E 
Dew Mand in Sauce > — | 46 40] N.]: 02 15 W 
Fero le, — 162 os|N{ os oo 
Hand Juan Ferdinando, in theSouth Sea | 33, 20]S | 86. 48 W 
Hand Ferdinando Loronho — oz; 5818 632 30 W 
Land Sabana: * I O00 ©O | 91 00 


PEI —_—_—_ I" 


A. 


2— 


2 1 4 


* * 


. Tall of t _ — and LENS of Plages | | 


— Lndn = I] Longir. 7 
| Places Nam — — 
1 7 g D N. D M 
Greews 7 in TT. —— wore TN 24 45 W 
Hope as l! —¼ 7s 22 NI 2212 o E 
Long Iſiand, in North America» 40 50, N | 70 40 W 
North Point, Lewins Land — 20,N 07 15 W. 
Mansfeld Ille, in Hudſon's Bay —— | 62 20 N "75 30% W 
a e 1 50 13 N 03 30 W 
Nottingham — 63 38 [NI 74 47/0 
Reſolution 1 le, Hudfons 4 61 55 N 64 5ofW 
8 Itands in Scotland . — 57 50 N 05 210 
Sable Hane — — 430% N co 65 N 
Jeruſalem —— 0 0 bp  —131 4o0|N| 37 oofFE 
Ingolſtat, in Germany — 148 ˙ 4o[N|] 11 420 E 
Inſpruck, in Germany —— — 147 I5}N| 1: 50o;E 
St. Katherines, on the E. Cqaſt of America| 28  00{N| 47 50 E 
Kalmar, in Denmark — 56 40 NI 16 40 E 
Is. Kilda, in Scotland © |, =— 58 oN 10 o 
IKelduyn, in Finland | — 69 32NI 30 15 E | 
Leghorn, in Florence — f NJ 7s; oo E 
Lepant. in Greece — 38 20[N| 21 55 E 
Lands End of England — |50. oN 06 oojW| 
Liege, in Flauders — 50 40 N 06 05 E 
Leipfick, in 3 — l.. 3 
| Lints, in Auſtria — 148 16/N| 15 of E 
Liſle, in Flanders — e 
* _ I Lions, in France 2 — 45 45 N. o5 o5]E 
Lisbon, in Portugal — 1 50 NI 10 25 W 
Lizard, in England »———— 50 oN o5 ' 14] W 
Liverpool, in England — --  N} 0: $8 
Limrick, in Ireland — — 52 22 TN og 48]W 
Lima, in Peru = ' — 12 308 78 30 
Larwick, on the Coat of Norway 58 54]Nl o9 20]E 
London ——: ;:]N] oo oo 
London Derry, in lreland -» — 154 55 NI 08 oo[W 
Liampo, in India -————=;-- —— | 30 300N 120 ooſE. 
| Lundy Iſle ——- — mmm 51. 20 N 04 40 W 1 
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| * Latit. Longit. 
Places Name, — —— 

„ D M D M 
Lubeck, Norway — 54 25]1N] II o; E 
Leſou, Norway — q Po» , 
2 — 1 0 = 23 25 E 
Loefort, S. W. point — 167 47 09 35 E14 
La Sarena, Weſt Coat of 53 24 4008 | 76 33 W 4 
Macao, in China 122 13]N[|:116 oo E 
Madagaſcar, Bay of Terra de Gada — | 19 29844 35 E 
Madrid, in ain —— — 40 10 NI oz 10 W 
Malacca, in India — 123 32 N [104 o5'E 
Mar ſeiles, in France w— — 43 20 N 05 27 E 
Mardon, in Norway —— j 58 25 N o9 o E 
Maſterland, in Norway — 57 58 N11 451 E14 
Magellan Eaſt Entrance —— |: 58]S | 75 30 W 
Marchatts: Forelaud — 63 20[N| 17 ogs|W 
St. Maries, in Sicilly —49 57]N|] o6 45|W 
Morlaix, in France 148 37NI o3 500 

| Mozambique, in Coaſt of India —[ o5]S 40 oo W 
Moſ cos —— Sr ——[55 34]N] 38 45|E 
Ist Makes," in France ———— 48 38[N| o o5|W . 
Mantua, in thaly ———— —— 145 11INI x: 1ojE 
Mentz, in Germany _ —— 49 14]N| os 4o|E 
Mexico, ia Peru VJ 120 o6[N| 102 o5|W 
Munchen, in Bavaria — — 48 28 [NI 11 50 LE 
Montpelier —— — 43 36]N| oz 300E 
Milan,” in Italy md) —4.4 45 20]N| og :oo[|E 
Modena —— —- — 440... 158 
Naze of Norway —— — |57-$50[N| o7 22jE 
run, in Livonia ' 0 | —— 38 39[N| 28 14E 
Nanguim, in India. ——————|;: 55 N129 300 E 
pier: —#7 T 40[E"| 
Nantz, in France — ——|47, 14]N| oz 36 Wh] 
Namur, ia Flanders | 50 25]N] os o UE 15 
Nangaſack J,, — — 32 $3]N[127 50ER 
Nancy, 2 3 — 48 29 N os FolE 


=. "CUmaT 88 Nar- 
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r 
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| Places Tank 


a. 
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—_— 2 


Norton, in the Nan | 4 82 


Nice, in Provence 
| Ningpo, or Leampo i in China — 
Noremberg 

North Foreland - 
Nicarague E mrance, Eaſt eie 
Olinda Braxilt, or Pernambuck —— 
Ortenns in Frimce — — — 


— v 


| Placient ia, in 1 21 — 


in Chun == 
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143 
118 


154 
1660 


Nerfinga, Indiag —— — 
Nw Caſtle : — ——— 
Mu Dr —— 1 1— 
Nor thbergen, in Norway —— 


11 


Oftend in Flauders '—— — 
Qxford, in Englan i! — — 
Gala, Japan — — 
Palua, in aß —— — 
ene n Branca, =} 
Pall, in France — — 


Panama, iu the Weſt part of America 08 


. in aß — _ 2 : 


E — 


Latit. 


— 
D M 


P— 


41 


43 
29 
49 
51 


07 
47 
FI 
51 
35 
45 


43 


Portobello, m America. — 
Ne ini au, n Haucę — 
19.4 in Italy” © — 


Paudickers, in India 
Port a Port, in Portugal ——— 


— — 
\Poieters, in France —— — 
 — 


Portland, in England ——= mmm 
Port Gevent Weſt Coaſt off America. — | 
Pore Segura, in the 224 Coaſt of America |. 


Point lookout — 
Petersburg a [ 
i — w uy — — - 


Sang agua 


+ — een, 
A 4 Table of the Lenden and Longitiats r of Plat R F | 
bs 2 Latit. | | Longit. 
Ee 4 ; — — 

7 Places Name * 5 * 
TENG . — —— —— . ——— — 
2 on the oy of Guinea —— | 4 16 04 V. 
Quebeck — — TT N 55} 

| River Angola ——— * oo * 
River Albany  - — — 52 32 07 kt 
River de Angrig -- —— 0 54 50 EF 
River Amazones | $—— | © oo. 90 V 
Ri ver Comarones — — 3 58.0 30 E 
River Congo, Mouth | IL 4s 2 oo]E 
River Gambia; Mouth — 13 30 20]V 
River Grand — 31 55 8 49 — 
Rover St. Franciſco, E. Beef America 10 55 8 46 1W 
River Fulian, Eaſt Coalt of America — 48 40} 32 WH 
River Formoſa — 2 10 05 [ E 
River Oronoque— — 218 15 0 

| River Senegal, in Guinea — — 5 29 30 E 
River Sierra Leone — — - | 8 49 ory 
River Pulto —— _ — —| 5. 45] 55. 1 
Ruperts River — i 55 4 
Ratishon, in Germany — — 8 5 20 4 
Regg ia in ia — — 142 152 5 
Revel, in Livonia — — [59 oo 8 45 4 
Riga . — | * 50 50 
eee ey 
ar e087: 14| 
Rome ä — 41 518 05 
Roſtocł — 54 10 50 
Roterdam —— — — 5 55] 21 
Rock of Lisbon — — 146 13 30 
Rhee Mand, in Franſſfe 46 13 30 
Roſes in Fance— 142 10 20 
Salle on the Coaft of Barbary _ — [33 43 30 
Salamanca, in Spain 1¹ 12 55 
8 in India — — 14 18 50 

Uuuu 2] Siam 


9 | - * 
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— 
* 


— 


*] Latit.” | | Longit,”| 
Places Names. wor 5: he | 
| D M [D M|] 
Siam Entrauce 22 i310 N 101 ol 4 
St. Salvadore, Brazil ——— 12 47 | 4 
Scanderouun.——ü⸗ꝛyæ — 136 oo N 36 oofE 
Seuta —_—_ 8 $3605. a 
Scaw in Denmark =» — 57 26 NI 10 16]E 
Sevil in ain — 137 3%, NI Oos 25]W 
Smyrna it Jonia ä =—|;3 28 NH 27 2o|E 
| Sparta _. — ⁵ 
Salonica, WET = — — 140 41 NI 23 13E 4 
Spurn r — [53 35 NJ oo '30]E 
| Spaaban, in Perſia T— . —7136..14. Nen - os|E 
I Shetland point in Scotland = — 59 52 NI or 30 
| Slime Head, in Ireland — * 153 20 NI 14. 15 W 
Shark Point, Hudſons 1 — [64 27 NI 74 200 W 
Stockholm, in Sweedland — — [59 20 NI 18 25 RE 
Stralſound | -— I N 13 20]E 
Strasbourg 221 — 148 35 NI o7 55⁰E 
Sluce Coaſt, in Flanders .  c-5: iN by cans. 
Start Point f —j5o oN o2 45 W 
Kockton, in England ® — — 54 33 NI oz 25 W 
Sirito Sanctos, Eaſt Coaſt of America — [19 588 42 oolW 
Sound Royal — e 2e 2570 
Stadland in Norway — 6. co 28 
Surinam, Weſt Indies >——| 6 ooj/N| 56 '55}W 
Surrat, India . N 73 25 E 
Surroy Iſle - 0 —[71 oN 18 40 E 
Sweetnoſe, in Lapland — —— [68 o8|N 34 42]E 
Syracuſa in Scicilly —— —— 727 - as N 15 20 0E 
: Tangier — _ — LT 0 Jo 
Ti dens, Sumatra — %% 36|N}] 99 25]E 
Tetuan —— — 35 z|N[ os 52 U 
Iexel, in Holland 8 —[53 10 No 59 E 
[Thebes ns ln; ot ns 2 8 
A —* 


* . * 
1 
Y — 
"%* 
= 


292 „ * 


* 
— — tr thn 


Table ofthe the Eatitades — Longituaes of Plates. 541 ; 
o. Latit. Longit. 1 
2X gs | Places Names — 
1 Ws = D M 
© pain} i we i — — ¶ - — 1 — — 
Toledo, n an = —==139 465] oz 25 
as, in France X 43 06 lo yFo{[E. 
| Townley, in England —— .—|53 44] jo ozfW 
| Tripoly, in Barbar : — 32 54] 12 'osJE\ 
Tripoly in Syria — — 34 40 | 35 581E 
Toulouſe, in ——  —133 - 37] for 30E 
Tours, in Prance' *——  —=47 23 oO 40E 
Troy, in Cbampaixne —— 148 15 oa ꝛ00E 
Tredagh, in Ireland — — 152 40] 
Tromſound, in Norway. — [70 18 16 oo[E 
Tubing, in Germany 48 34 o9 20 E 
Triſtian de Cunha, E. Coaſt of America— 37 05 15 38] W 
Tunis, in Barbary — - 136 58 o 10O]E |: 
Turin, in Italy 44 Sol[zlo7 35]E 
Valparaiſo, Veſt Coaſt of . America — [32 50877 3o[W 
Valentia, in Spain — 139 3z30|| oo 50 E 
Valſterborn, in Denmark — OM ;, ;;E 
Venice 45 18812 4o0JtE 
Viſapatam, Coaſt of Cormatdet © — 117 40]&| 8; 47]E 
Vienna, in Germany — 48 22]* | 17 20 LE 
Upſal, in Sueedland *—o 259 oo 18 o; E 
Uraniburg — _— cy 4 12 50oJE 
Utric, in Hollaud —— —1 52 : 05 os o5[]E 
ant, in France — —| 48 30 os os|W 
Warſaw, in Poland —  — 14 21 40 KE 
Waterford, in Ireland ©" = — 2 07 o 52 
Wexford, in treland —= — 2 13] [o 160 
Weſtmania Iſles- —— 63 55 25 3o[W 
White Haven, in England —— 54 25] | oz 15 
Whales Head —— — — 77 18 21 30 E 
IWiddaw, Coaſt of Guinea — [os 35 02 10 E 
Wirtenbourg, in Saxony — 53 13 OE 
Wisby, in Gotland — ———| 57 37 18 50 E 


4 Table of the Latitades and Longitudes of Fla 
AE Litit. I Longit. 
Places Names 1. — 
, | D M D M 
 Whbourg — —_—GF o;N 30 30 E 
Wollenbuttle, Germany ——— 2 IIINIII og]E 
Wologda, Maeſcouß . ——| 59 19 [NI | 
Weſt —̃ H— 61 15 Ni 2 
| Tarmouth, in England ——< —[ 52 45 NIOI 40 E 
' | Tereſiaw, in Moen = — 7 44 . 58 mw 
Tork) 2 — — 154 21 oo 35 | 
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F _ 
A Table of Logarithms | 
| 7 » =— 89 1 
For Numbers increaſing in their 
Natural Order, from an Unit to 
Jo, ooo. | 
With a Table of Artificial ines, Tangents, and 
Secants, the Radius 10.000000; and to e- : 
| very Degree and Minute of the Quadrazt. 
"Num. Logar. Num. "Logar. rn. | _Logar. 
I 0.0000000 34 1.5314789 67 1 8260748 _—_ 
2 | 0.3010300 35 | 1-5440650 68 1. 8325089 
3 0.4771213 36 1.5563025 69 1.8388491 
4 | 0.602060 | | 37 | 15682017 70 [18450980 
5 | 2.6989700 38 | 1.5797836 71 | 18512583 
6 | 0.7781513 __39 | 1-5910646 72 | 1.$575525 
7 © 8450980 | 40 1. 6020600 ö 73 1 1.8633229 
8 0.9030900 41. | 1-6127839 74 1.8692317 
9 | 0.9542425 | | -42 | 1-6232493 75 1.8750613 
10 1. ooo | - 43 1. 63 34685 76 * 4 
11 | 1.0413927 Þ 44 | 1-6434527 | | 77 1.886490) 
12 1.791812 3 a | |__78 _ | 1.8920946 
13 | 1.1139434 46 1.6627578 79 | 18976271} 
14 1. 1461280 427 1. 6720979 30 1. 930900 
15 11760913 48 | 1.6812412 81 {| 1.9084850 
1 16 | 12041200 49 | 1.6901961 82 |} 1.9138139þ 
b7 1.2304439 50 1. 6989 700 83 | —— 
18 1,2552725 | SI 1.707 570 84 19242793 
19 | 1.2787536 52 | 1-7160033| bg | 1 9294189 
20 t. 3010300 53 17242759 86 1-9344985 
21 13222193 54 | 14323938 87 1. 9395193 
22 | 1.3424227 55 | 1.7403627 88 149444827 
23 | 13617278 56 1.748183 89 | 1.9493900 
24 x 3802112 57 1.758749 90 1.9542425 
23 1.397940 58 | 1.7634250 gr | 1.9590414 
26 1.41497 33 128 1. 108520 92 1.9637878 
27 | 1.4313638 60 |1.778i513] | - 93 1.968489 
28 14471580 61 17673258 94 19731279 
29 14623980 62 1.7923917 95 | 19777236 
30 14771213 63 1.799345 96 1.9822712 
31 14913617 64 1. 806 1800 97 1.9867 717 
32 1.505 1500 65 18129134 | 98 19912261 
23 11185138 1᷑ | 66 1-8195439 | 99 1.99563523. 


mY 'A 


A TABLE of Logarithms. 


b «© 1 {6 29; Sa. $0 4 
100 {| 2.-0000000 | 2.0004341 2.000867 7 2.0013009 | 2.0017337 
1 101 2.00432 14 | 2-0047512 | 2. 0051805 | 2.0*56294. | 2.0060380 
102 | 2.0086002 . | ,2.0090257 2.904599, | 2.00987 56 | 2-0103000 
103 2.0188372 | 2.0132587 |. 2.0136797 | 20141003 | e.o145205 
104 2.0170333 | 2.0174507 | 2.0178677 | 2.0182843 | 2.0187005 
105 a. 0211893 2021602) | 2.022015) [20224284 | 2. 0228406 
106 2.0253059 | 20257154 | 2,0261245 2.0265333 | 20269416 
107 2.0293*38. | 2.0297895 | 2.0301948 2.03 05997 | 240310043 
108' | 20334238 | 2.0338257 | 2.9342273 | 2-0346285 | 2.0350293 
109 2 0374265 | 2.0378248 | 2.0382226 2.038620 | 2.0390173 
110 | 2.0413927 | -2-0417873 | 2.0421816 | 2-0425755 | 2.429691 
111 2.0453230 | 2.045714T | 2.046 1043 2.0464952 J 204688 52 
112 2. 0492180] 204950562. 0499929 2:0503798 2. 0507663 
113 2.0530784 | 2.0534626 | 2-0538464 | 2.542299 | 20546131 
114 2-0569049 | 2.0572856 | 2 0576661 [2.580462 | 2.0584260 
115 | 2.0606978 | 2.0610753 | 2-0614525 | 2.0618293 | 2.0622058 
116 | 2.0644580 | 2.0648322 | 2 0652061 | 2,0655797 | 2.0659530 
I17 2.0681859 2.0685 569 | 2.0689276 | 2.0692980 | 2.0696681 
118 [2.018820] 2.0722499 | 2.9726175 | 2.0729847 | 2.0733517 
I19 2.0755470 | 2.0759118 | 2,0762763 | 2.0766404 | 2.0770043 
120 2.0791$12 | 2.0795430 | 2-0799045 | 2.0802656 | 2.0806265 
I21 20827854 2.083 144m | 2.0835026 | 2 083 8608 | 2 c842187 
122 2. 0863 598 2.086713) [3.087012 2.084265 | 2.0877814 
123 2.0899051 2.0902581 2-0906107 2.0909631 | 2.0913152 
I24 2-0934217 | 20937718 | 2-0941216 | 2.99447)1 | 2.0948224 
128 | 2.0969100-| 2-0972573 | 2-0976043 | 2.0979511 | 20982975 
126 2. 100370 | 2.1007151 | 2.1010594 | 2. 1014034 21017471 
127 2. 103803) f 2. 1041435 | 2. 1044871] 2. 1048284] 21051694 
128 2. 107 2100 2. 10) 5491 | 2. 1078880 2.108226) | 2.1085650 
129 2. 1103897 | 2. 1109262 | 2. 1112625 2.1115985 | 2.1119343 
130 2.1139434 | 21142773 | 2-1146110 | 2-1149444 | 2.1152776 
131 2,1172713 | 2.117602 2.1179338 | 2.1182647 | 2.1185954 
132 2. 1205739 | 2. 1209028 2. 1212315 | 2. 1215598 2. 1218880 
| 133 | 2.1238516 | 21241781 | 2. 1245042 | 21248301 | 2.1251558 
134 2.1271048 | 2-1274288 | 2.1277525 2. 1280760 | 2.1283993 
135 2. 1303338 | 2-1396553 | 2.139769 | 2.1312978 | 21316187 
(_136 | 21335389 | 3.1333581 | 21341771 | 21344959 | 21348144 
| 137 OD 2.1370375 | 2-1373541 | 21376705 | 2.1379867 
| 138 2.139891 | 21401937 2.140500 2. 1408222 2.1411361 
139 2. 1430148 | 2.1433271 | 2-1436392 | 21439511 | 21442628 
140 | 2.1461280 2.1464381 | 2.1467480 | 2.1470577 | 2:1473671 
141 2.1492191-| 2.1495270 | 2-1498347 | 2.1501422 | 2-1504494 
142 | 2.1522883 | 2.1525941 2.1 528996 | 2:1532049 | 2.1535 100 
| 143 2.155336 | 2 1556396 | 2:1559430 2. 1562462 | 2-1565492 
144% 2.15$3625 | 2-1586640 | 2.1589653 | 2.1592663 | 24595672 
145 {| 2.1613680 2.161 6674 | 2-1619666 2 1622656 | 2.162 5644 

146 | 2.1643529 2.164650 | 2-1649474 , 21652443 | 21655411 
1497 | 21673173 | 2.1676127 | 2-1679078 2.1682027 | 21684975 
6: 148 | 2.1702617 || 2-1705551, 2.1708482 | 2.1711412 ! 21714339 

| 2-1731863 1 2.1734776 | 21737680 | 2.1740598 2:1 743506 | 


A 2 


from 1 to 10000. — 
Num 5 8 7 — B 
— — — 02 2.00 2 2.00 12 
109 2.0021661 2 5 — ** hae cut 2 — 2 
_ 8 2011 — 2.115704 20119931 [2124154 
102 2.0107239 * 7 342.0157787 J 20161978 | 2.166155 
103 2.0149403 2 , 53 _— 2.0199467 | 2-2223613 | 2.0207755 
ety Wen * 4 9 | 2-0249750 2.244857 | 2024896 
105 2.232525 . 1 2.0281644 J 25285713 2.028977 
106 2,027 3496 * 4 *. 2.03 22157 [22326188 [20330214 
107 2.03 14084 * 8298 2.362295 2.036289 | 2-0370279 
108 2.03 54297 — J $106 | 2-0402066 | 2.0406223 | 2.040997 7 
10 | 2.0394141 | 2.039% 51 | 20441476 | 2-0445398 | 2.0449315 
110 | 20433623 | © — 220480532 | 2.484418 [20488301 
111 [204727492 C: 2225. 1 — 
2.55 11525 2.0515384 | 2.519239 | 2-252309 225239 
112 2.511525 0553783 | 2.0557655 [2.561423 2056523) 
uz 2038357 451848 20595634 | 20599419 | 2.060322 
I14 2.0588055 3 2.0633 334 2.063 7086 2.640834 
115 2.625820 2.0666 86 | 2.0670709 | 2-0674428 | 2.9678145 
116 | 20663259 — . 2.0707765 | 2.711453 | 2.0715138 
117 2.0700379 2 0847 | 2.9744507 [2.748164 | 20751819 
118 2.0737184 ye | 2.07 80942 2.07 84568 * 2.0788192 
119 2.0773679 2 473 2.08170; 2820669 2.824263 
120: .] eee 2.0852906 | 2-0855473 2.086003 
121 | 20845763 — 2.888446 2891984 | 2.0895519 
12220881361 ow _ 2.002369 | 2.0927206 2.0930713 
F 6965624 
my 2.9951694 | 2-2955180 | 2.0958665 | 2. 
124 2.0951094 og89$96 | 290993353 2.996806 2. 1000257 
125 2.098643 7 2 9 37 | 2 1027766 | 2.103 1193 2. 1034616 
126 | 2.1020905 2 es 5 2. 1061909 | 21065309 | 2.1068705 
127 2.1055 102 * 7. 2. 1095785 21099159 2.1102529 
n ere 2.113609 
129 2. 1122698 02030088 2.1162756 | 2-1166077 | 2.1169396 
130 2.1156105 * 2559 |-2.1195858 | 21199134 | 21202448 
131 2.1189258 op — 5435 2.122809 | 2-1231981 | 2.1235250 
132 | 2.1222159 2.1258065 2.1261314 | 21264561 | 2.1267806 
134 2.1287223 OS 22597 | 2.1325798 | 2.1328998 | 2.1332195 
135 3 0098 * — ls 2. 1357685 | 21360861 2.136403 4 
22 21386181 2.1389339 2.13524 | .2.1395643 
137 2,1383027 ry 632 | 21420765 | 21423895 | 2.1427022 
138 2.1414498 * 854 | 2-1451964 | 2.140% | 2.1458177 
139 21445742 * 479853 2.14829 41 | 2.1486 | 2.1489110 
0157364445463 44751307 244 51elel | 2.15198ag 
141 | 2.1507564 | 2.134119 | 21544240 2.154782 | 2.155022 
142 21538149 21571544 | 2-1574568 | 21577589 2,1580608 
143 | 2222 2. 16016832. 1604685 | 2-1607686 2. 1610684 
144 2.159867 2.1631614 | -2.1634596 | 2-1637575 | 2.164055 
145 2.1628630 1661 40 | 21664301 2.16 7261 2.167021 
146 | 2.1658376 2 64 | 2.1693805 | 2-1696744 | 2. 
140 8 2.120188 | 2.1723110 1726029 . 
149 2.1746512 | 21749316 | 21752218 | 2.1755108 


4 


A TABLE of Logarithms. | 


2.1875207 
2.1903317 


2.193 1246 


2.1953997 
2.1986571 
2 2013971 


2. 2041 200 


2. 2068259 
2.209515 
22121876 
22148438 
2.21 74539 

I 


2.22010 


2. 2227165 
2.2253093 
2.2278867 
2. 2304489 
2.23 29961 
2.235528 
2. 23 8046 1 


2. 2405492 
2.24 30380 


2.245512 


2.2479733 
2. 2504 200 


22528530 


2.25 52725 
2.25767 86 
2.26007 14 
2.26245 11 
2.2648 178 


2.2671717 


2. 2695129 
22718416 
2.2741578 
2.2764618 
2.2787536 


2.2810334 


2.2833012 
2.2355573 
2.2878017 
2.29003 46 
2. 2922561 


2.2944662 


2. 2966652 
2.298852 


— 


2.209903 


nn 


— 


* 


I 2 4 
2-1763807 | 2-1766699 | 2-1769599 21772478 | 
2-1792645 | 21795518 [21798389  2.1801259 
2-1$21292 | 2.1824146 | 2-1826999 2-1829850 
2.1$49752 | 2.1852588 | 2.1855422 | 2-1858254 
2.1878026 f 2.188084.4 21883659 2.1886473 
2 1906118 | 2.1908917 | 2.911714 | 2-1914510 
2.1934029 2.19368 10 | 2.1939590 | 21942367 
2.1961762 | 2.1964525 | 2-1967287 | 2.1970047 
2.1989319 | 2.1992065 | 2.199489 2-1997552 
2.2016702, | 2.2019431 2. 2022158 2. 2024883 
2. 2043913 2. 2046625 2. 2049335 22952044 
2. 2070955 | 2.2073650 | 2. 2076344 22079035 
2. 2097830 2. 2 100508 22103185 | 2. 2105860 
2. 2124540 | 2.2127202 22129862 22132521 
2.2151086 | 2 2153732 | 2-2156376 | 2.215901 8 
2.2177471 | 2.2180100 | 2-21+2729 | 22185355 
2.2203696 22206310 2.2 2089 222.2211533 
2.2229764 | 2-2232363 | 2-2234959 | 22237555 
2.2255677 | '2.2258260 | 22260841 | 2.2263421 
2.22$1436 | 2.2284004 | 2 2286570 2.2289134 
2,2307043 | 2-2309596 | 2 2312146 | 2-2314696 
2.2332500 | 2-2335038 | 22337574 | 2 2349108, 
2.2357809 | 2-2360331 | 2-2362853 | 2-2365373 
22382972 | 2:235479 | 2:2387986 | 2:2390497 
2.2407988 | 2-2410482 | 2-2412974 | 22415465 
2-2432861 | 2.2435341 | 2-2437819 | 2 2449296 
2.2457594 | 2-2460059 | 2-24525:3 | 2-2464986 
2.2482186 | 2.2484637 | 2-2487087 | 2.2489536 
2.2506639 | 2,2509077 | 2-2511513 | 2:2513949 
2.2530956 | 2.2533380 2.253 5803 2.2538224 
12775137 2.2557548 22559957 | 2 2562365 
22579185 2. 2581582 2-2583978 2. 2586373 
2. 2603099 | 22605484 | 2.260786) 22610245 
2 2626883 | 2-2629255 22631625 2-2633993 
2.2650538 | 2.2652896 | 2 2655253 | 2-2657609 
2.2674064 | 2.2676419 | 2.2678754 | 2-2651097 
2.2697464 | 2 2699797 22702129 | 2 2724439 
2.2720738 | 2 2723058 | 2-2725378 | 22727696 
2-2743888 | 2.2746196 | 2-2748503 2.27 50809 
2.2766915 | 22769211 | 22771506 | 2-2773500 
2.2789821 | 2.2792105 | 2.2794388 2.27 96669 
2.2812607 | 2.2814879 | 2.2817150 2-2819419 
2 2835274 | 2-2837534 | 22839793 | 22542051 
2 2857823 | 2.2860071 | 2 2862319 | 2-2864565 
2.288025 © | 2.2882492 | 2-2884728 | 2-2886963 | 
2.2902573 | 2-2904798 | 2 2907022 | 2.2909246 
2.2924776 | 2:-2926990 | 2-2929203 22931415 
©2.2946866 | 2. 2949069 | 22951271 [22953471 
2-2968845 2.297103) | 2-2973227 2.297541) 
2 2992893 | 2.2995073 | 2.2997252 
ꝶD„w»» | | 


1 


Num 2 665, e EH MBE £42 15. > 
150 2-1775365 | 21778259 | 2-1781133 21784214 2.1786892 
151 2. 1804126 |.2.1806992 | 2.1809856 2.181271 2.1815578 
152 | 2.1832698 |-2.1835545 | 2-1838390 | 2.1841234 | 21844075 
153 2. 186 1084 4. 18539122. 1866739 2.1869563 | 2.1872386 
154 2.1889285 [2.189209 | 2.1894903 | 2.1897710 2.195614 
155 2.19 17304 | 2.19 20096 2. 1922886 | 2.1925675 | 21928461 
156 2.1945143 21947918 2.19 50690 | 2 1953451 | 2-1956229 
157 2.1972$06 | 2.1975562 | 2 1978317 | 21981070 | 2.198382 
158 2,2500293 | . 2003032 2. 2095769 2 2.201 1239 
159 2 2047607 | 2.2030329 | 22033049 | 2.203576 2.203 8485 
160 2-2054750 | 2.2057455 | 2 2262159 | 2.2262860 | 2.2065560 | 
161 2 2081725 | 2-2094414 22087100 | 3- 2.232787 22092468 
162 2.108534 2.211 12955 2.113876 22116544 22119211 
163 2.2135178 | 2,2137833 2.214846) 2.2143139 | 2.2145790 
164 2,2161659 | 2.2164298 | 2-2156936 | 242169572 | 2.-2172297 | 
165 2.2187y$0 | 2.219262z | 2-2193225 | 2.2195845 [ 2-2198464 
166 2.2214142 | 2.2216750 2. 2219356 [2.222196 | 2.2224563 
167 2.224148 | 2.2242740 | 2-2245331 | 2.224792 2.2250507 
168. | 22265999 |.2.2268576 | 2.2271151 | 2.2273724 | 2-2276296- 
169 2,2291697 | 2,2294258 | 2.2296318 | 2-2299377 | 2-2301934 
170 2.23 17244 2.2319790 22322335 [ 22324879 [ 22327421 
171 | 22342641 [2.234173 2-2347793 | 2 2359232 | 22352739 
172 2.2367891 2.237048 | 2.2372923 | 22375437 | 22377930 
173 | 2:2392995 | 2.2395497 22327228 | 2.2420495 [22452995 
174 | 2-4417954 | 2.2420442 | 2.2422929 | 2 22445414 2.2427 898 
175 2.2442771 | 2.2445245 | 292447718 | 2.2450189 | 2.2452658 
176 | 2-2467447 | 2-2469907 | 2 2472365 | 2.24748:3 | 2.2477278 |} 
177 | 2-2491984 | 2.2494430 | 2.249674 | 2-2499318 | 2.2501759 
178 2,25163$2 | 2.2518$15 | 2.2321246 | 2-2523675 | 22526103 
179 | 2-2540645 | 2,2543963 | 2.254481 | 2-2547997 [2250312 
80 | 2-2564772 | 2.2567177 | 2.2569582 | 2.2571954 | 2-2574386 
181 | 2-2588966 | 2,2591158 | 2.2593549 | 2-2595939 | 2-2598327 
182 2.26 12629 2.261 5008 | 2.2617385 | 2-2619762 2.262213 | 
183 2.2636361 | 2 2639727 | 2.2641092 | 2.2643455 | 2-2645817 
184 2.2659964 | 2.2562317 | 2-2664669 |] 2-2667929 | 2-2669369 
185 2.2683439 | 2.2685780 | 2.2688119 | 2.2699457 | 22692794 
186 2.270788 22709116 2.2711443 [2271 3769 [2.27 22716093 
187 2.230013 2. 2732328 | 2.2734643 [22136956 2.27 739200 
188 2. 2753114 2.275541 | 22757719 2.276 | 2-2762329 
189 | 2.27762 2.27 78383 2.278673 [ 2.2782962 22785230 
199 | 2. 2798950 2.281229 2.2803 50% | 2.2855784 | 2. 2808059 
191 2.2821688 | 2. 2823955 | 2.282622 2. 2828486 2.28307 50 
192 2. 2844302. 2846563 2.284881) [22851070 | 2.2553322 
193 2.28668 10 | 2. 2869054 | 22871296 | 2-2873538 | 2.2875778 
194 2.2889 196 2.2891428 [4.289366 | 2-28953g0 | 2.2898118 
195 2.2911468 | 2.2913689 | 2.2913908 | 2.2918127 | 24920344 
196 2.2933626 | 2-2935835 | 2293804 | 2-2949451 [22942457 
197 2.2955671 | 2.2957869 | 2.2969067 2.2908 | 2.2964458 
198 2.2977605 | 2.2979792 [22981979 [22984164 2.2986348 | 
199 2.2999429 2.300165 | - 2-30937S1 |} 2-3005955 | 2.3008128 


—— 


A TABLE of Logarithms. 


I 2 3 | 
— — ᷓꝓ b— — — — —— — 
200 2-3019300 | 2.3012471 | 2-3014641 [2.301680 | 2.301897 7 
201 | 2-3031961 | 2.3034121 | 2.3036280 | 2.3038438 | 2,3040595 
202 2.3053514 | 2-3055663 | 2-3057812 | 2.3059959 | 2.3062105 
203 2.3074960 | 2.3077099 | 2-3079237 | 23081374 | 2 398350 
204 2.3096302 | 2.3098430 | 23100557 | 2.3102684 | 2 3104809 
205 2.3117539 2.311965) | 2:3121774 | 2.3123889 2.3 126004 
206 |} 2,3138672 | 2.3140780 | 2.314288) | 23144992 2.314709) 
207 2.3159703 | 2-3161801 | 2.3163898 | 2.3165993 | 2 3168088 
208 2.3180633 |-2.3182721 | 2318407 | 2.3186893 | 2.31889; 
209 2.3 201463 2.3203540 | 2.3205617 | 2.3207692 | 2.320976; 
210 2.3222193 | 23224261 | 2-3226327 | 23228393 | 2.3230457 
| 211 2.3242825 | 2.32448 82 2.3246939 2.3 243995 23251050 
212 2.3263359 | 2.3265407 | 23267454 2.3269500 | 23271545 
413 2.3 283796] 2 9285834 2.328787 2.328999 2.3291944. 
214 23304138 2.330616) | 2. 3308195 | 2.3310222 | 2.3312248 
215 2.332438 | 2-3326404 | 2.3328423 | 2. 3330440 2.333245) 
216 | 2-3344535 | 2-3346548 [2.334855 | 23359565 þ. 2.3352573 
217 | 2.3364597 | 2.3366598 | 2.3368598 | 2.3370597 | 2:3372595 
218 | 2.334565 | 2:3386557 | 2-3388547 2.3390537 | 2-3392526 
| 219 | 2.3404441 | 2-3406424 | 2.34098405-| 2.3410386 | 2.3412366 
220 2.3424227 | 2.3426200 | 2.3428173 [23430145 | 2 3432116 
22t | 2-3443923 | 2-3445887 | 2.344787 | 2 3449814 | 2:3451776 
222 2.3463530 | 2.346546 | 2.3467441 | 2.3469395 | 23471348 
223 2.3483049 | 2.3484996 2.346942 2.3488887 | 2.3490832 
224 2.3 502480 2. 3504419 2.35063 362.3508293 2.35 10229 
225 2.321825 2-3523755 | 2-3525654 | 2.35276122.3529539 
226 2.3541084 | 2.3543006 | 2.3544926 | 2.3546846 | 2.3548764 
227 2.3560259 | 2-3562171 | 2.3564083 | 2.3565994 | 2:3567905 
228 | 2.357934$] 2.3581253 | 2:3583156 | 2.3585959 | 2-358696s 
229 2.3598355 | 2-3600251 | 2.3602146 | 2.3604041 2.3 605934 
239 | 2.,3617278 | 2.3619166 | 2.3621053 | 2.3622939 | 2.3624825 
231 2.3636120 | 2.3638000 | 2.3639878 | 2.3641756 | 2.3643633 
232 2.3654880 | 2.3656751 | 2.3653622 2.366492 2.3662361 
233 | 2-3673559 | 2.3675423 | 23677285 | 2.3679147 | 2.3681008 
234 | 2-3692159 | 2.3694014 | 2:3695869 | 2.3697723 j 2-3699576 
235 | 2.3710679 | 2.3712526 J 2.3714373 [ 2.3716219 | 2 3718065 
236 2.3729120 [23730960 [ 2 3732799 2.373437 2-3736475 
237 | 2-3747453 | 2.3749316 | 2.3751147 | 2-3752977 | 23754807 
238 | 2-3765770 | 2.3767594 | 2-3769418 | 2.3771240 | 2£.3773062 
239 2-3783979 | 2.3785796 | 2.3787612 | 2.3789427 | 2.3791241 
240 2.3802 112 2.38039 22 | 2.3855730 | 2.3807538 | 2.3809345 
241 2-3820170 | 2.3821972 | 2.3923773 | 2.3825573 | 2-3827373 
242 | 2-3838154 | 2:3839948 | 2.3841741 | 2.3843534 | 2.3845326 
243 2.3556063 | 2.3857850 | 2.3859636 | 2.3861421 | 2.3863206 
244 2.3873898 2. 3875678 | 2.3877457 | 2.3879235 | 2.388102 
245 | 23891661 | 2-3893433 | 2.3895205 | 2.3896975 | 2 3898746 
246 2.3909351 | 2.3911116 | 2.3912880 |. 2.3914644 | 2.3916407 
247 | 23926970 | 2.392727 | 2.3930485 | 2.3932241 | 43933997 
248 | 2.3944517 | 2.3946268 | 2.39459018 | 2.3949567 | 23951516 
249 | 2.3961993 | 2.3963737 | 2.3965480 | 2.3967223 2.3968964__ |. 


from 1 to 10000, 


Num. 5 " MES 2 ils, 3 PY"E® 
200 | *2.3021144 | 23023309 2.3925474 2.302763) | 2.3529799 
201 2.3042751 | 23044905 2.3047059 | 2.32949212 | 2.3051363 
202 2.3064250 | 23066394 2.3968537 | 2.3050680 | .2.3072820 
203 | .2.30$5644 | 2-3087778 | 2.308gg10o | 2.3092042 | -2.3094172 
204 22178273 2. 3109056] 2.311178 | 2.3 113300] 2.3115420 
205 2.312811 2.3 130231 23132343] 2.313454] 2.3136563 
206 2.3149 201 | 23151303 | 2-3153405 | 2.3155505 | 23157605 
207 2.3170181 | 23172273 2-3174365 | 2.3176455 | 2.3178545 
298 P 243192061 | 2-3193143 | 2.3195224 | 2-3197305 | 2.3199354 
209 2.3211840 | 2-3213913 | 2.3215984. | 2.3218055 | 2-3220124 
- 210 | 2.3232521 | 2-3234584 | 2.3236645 | 2.3238706 | 2.3240766 
211 2.3253104 | 2.3255157 | 2-32572C9 | 2.3259260 | 2-3261310 
212 2.3273589 | 2-3275633 | 23277675 | 443279716 | 2.3281757 
213 | 2.3293979 | 2-3296012 | 2 3298245 | 2-3300077 | 2.3302108 
214 | 23314273 | 2-3316297 | 2.3318320 | 2.3320343 | 23322364 
215 | 2-3334473 | 23336488 2-3338501 2.334014 23342526 
216 | 2.3354579 | 2-3356585 | 2-3358589 | 2.336593 | 2-3362596 
217' [2.337493 | 2:3376589 | 2-3378584 | 23385579 | 2-3352572 
218 | 2.3394514 | 2-3396592 | 2.3398488 | 2.3400473 | 2-3402458 
219 2.3414345 |} 23416323 2.3418301 | 2.3420277 | 2-3422252 
220 | 2.3434086 | 243436055 [-2.3438023 | 2.3439991 | 2.3441957 
221 | 23453737 | 2 3455698 | 23457657 2.3459615 | 2.3461573 
222 | 2.3473300 | 2-3475252 | 2-3477202 | 2-3479152 | 2.348110 
223 | 2-3492775 | 2-3494718 | 2:3496660 | 2:3498601 | 2.3500541 
224 2.3512163 | 23514098 | 2.3516031 | 2.3517y63 | 2.3519895 
225 | 2-3531465 | 2.353339T | 2-3535316 | 2-3537239 | 2-3539162 
226 | 23550682 | 2.3552599 | 2-3554515 | 23556431 | 2:3558345 
2237 | 2-3569814 | 2.3571723 | 2-3577630 | 2:3575537 | 2357744 
228 2.3588862 | 2.3590762 | 23593662 | 2-3594560 4.359643 
229 2.3607827 [2.36097 19 1 2.3611610 | 2.3613500 | 2-3615390 - 
230 | 2-362670g | 2.3628593 | 2.3630476 | 2.3632358 | 2.3634239 
231 | ' 2-3645510 | 2.3647386 | 2-3649260 | 2.3651134 | 2.3653007 
232 | 2-3664230 | 2.366609 | 2.3667964 | 2.3669830 | 2-3671695 
233 2.368286y | 2.3684728 | 2.3686587 | 23688445 2.3690302 
234 2.3701428 | 2.3703280 | 2.3705131 | 2-3706981 | 2.3708830 
235 2.3719909 | 23721753 | 2-37235y6 2.372438 © 2.3727279 
236 | 23738311 | 23749197 | 2:3741983 » 2.374317 | 2.374505 
237 . 23756636 2.3758464 | 2.3760292 2.3762118 | 2.3763944 
238 2.3774884 | 2.37 76704 | 2-3778524 2.3780343 | 2.37$2161 
239 2-3793055 | 2.3794868 | 2.3796680 | 2.3798492 | 2.3500302 
240 2.3811151 | 2.3812956 | 23814761 2.3516565 | 2.3818368 
241 | 23829171 | 2.3830969 | 2.3832766 2.383463 23836359 
242 2.3847117 | 2.3843g08 | 2-3850698 | 2.3852487 } 2.385427 
243 2.3864990 | 2.3866773 23868555 2.3870337 | 2.387211 
244 2.3882789 | 2.3884565 [|-2-3886340 {| 2 3888114, | 2.3 839888 
245 | 23900515 2.39084 | 2.3904052 | 2.393819] 2-3907585 
246 2.3918169 | 2.3919931 | 2.3921691 | 2.3923452 |. 2.3925211 
2437 | 2.3935752 |} 2.3937506 | 23939260 | 2-3941013 | 2-3942765 
248 2.3953264 | 2.3955011 | 2-3956758 2.395504 | 2.3960249 
249 | 22970705 | 2.3972446 } 2.3974185 | 2.397 2.39776 


A TABLE of Logarithms. 


n 


—_ a 


— 


Num. Y O 1 2 8 4 
— —  — — — — — — — — —„—»— — 
259- 2.397940 2.3981137 | 2:3 982873 | 2-3984608 | 2.398634z 
35 2.3996737 | 2.399846) 2. 4000196 2. 4001925 2. 4003653 
252 |  2-4014005 2.401578 24017451 [ 2-4019173 2420894 
253 24031205 2.4032921 | 24034637 240363 72 24038066 
254 2.404833 2.404% | 2.4951755 2.453464 | 2.4955171 
255 2.4065402 | 2.406 7105 | 2.4969807 | 2.4970508 | 2.4072209 
256 2. 4082400 | 2.4084096 | 2.4985791 | 2.4087486 | 2-4089180 
257 2.4999331 | 2.4101021 | 2.4102710 2.4104398 | 2 4106085 
258 2.4116197 | 24117880 | 24119562 | 2.4121244 | 2.4122925 
259 24132998 2.4134674 | 2-4136359 | 2-4133025 | 24139700 
260 2.4149733 | 2.4151404 | 4153073 2:4154742 [24156410 
261 2.4166405 | 2.4165069 2,4169732 24171394 2.4173056 
262 2.4183013 | 2-4184670 J 24186327 | 2-41 87983 241 $9638 
263 2.4199557-|] 24201208 | 2-4202859 | 2.420450 2.4206158 
264 2.4216039 | 24217684 | 24219328 2.4220972 1 24222615 
265 | 2-4232459 | 2-4234997 | 2:4235735 | 2-4237372 | 24239009 
266 2.4243816 | 2-4250449 | 2-4252981 | 2-4253712 | 24255342 
267 2.4265113 | 2.4266739 2.42.68365 || 2-4269990 | 2-4271614 
268 2.428134$ | 24282968 | 2-4284588 2.4286207 | 2.4287825 
269 | 2.4297523 | 2-4299137 | 2-4390751'| 24302364 24303976 
210 | 2.4313638 | 2-4315246 | 2.43 1685324318460 | 2.4320067 
25l | 244329693 | 2-4331295 | 2-4332%7 | 24334495 | 24336098 
272 | 2.4345689 2.434785 | 2.4348881 | 24359476 | 24352071 
273 | 24361626 | 2-4363217 | 2436480) 2.4366396 | 2-4367985 
274 | 2-4377506 | 24379099 | 2-4380675 | 2-4382258 | 24353841 
275 | 2-4393347 | 24394906 24396484 | 2-4395062 2-4399639 
276 2.440909 1 | 2-4410664 | 2.4412237 2.4413809 | 24415350 | 
277 24424798 24426365 | 2-4427932 | 2-4429499 | 24431965 
278 | 2.444048 | 2-4442010 | 2-4443571 | 24445132 |. 2:4446692 
279 | 2.4456042 | 2-4457598 | 24459154 | 2.4460709 2.4462264 
280 2.4471580 4473030 2.44746$1 | 2.4476231 2.4477780 
281 2.4487063 | 2.4483608 | 2-4490153 | 2-4491697 | 24493241 
282 2.4502491 | 2.4504031 | 2-4505570 | 2.4507 109 2.4508647 
283 2.4517864, | 2.4519399 | 24520932. 2.4522466 | 2.4523998 
284 24533183 2.4534712 | 2-4536241 | 2.4537769 | 24539296 
-285 2.4548449 | 24549972 | 24331495 2.4553918 | 24554549 
286 2.4563660 2-4565179 | 24566696 | 2.4568213 | 24569730 
287 2-4578819 | 2.4580332 | 24581844 | 24583356 2.45 84868 
288 2.493925 24595433] 2.476940 | 2-4598446 2.459933 
289 2.460978 | 2.4610481 | 24611983246 13454 2.4614985 
290 2.4623980 | 2.462547) | 24626974 [24628470 2.4629966 
291 | 2-4638930 | 2.4640422 | 2.4641914 | 2.464340 | 2-4644895 
292 2.4653829 | 2-4655316 2.4656802 | 2-4658288 | 2.4659774 
293 | 2-4668676 24670158 | 254671640 | 24673121 | 2.4674601 
294 | 2-4683473 | 2-4684950 | 2.4686427 | 2.4687903 | 2.4689378 
295 2.4698220 | 2-4699692 | 2.4701164 | 24702634 | 2 4704105 
296 2.4712917 | 2.4714384 24715650 2.4717317 | 2.4718782 
297 | 24727564 | 2.4729024 | 2.4730488 | 2.4731949 | 24733410 
298 | 2.4742163 | 2.4743620 | 24745976 | 2.4746533 | 24747988 
200 l 2.4756712 | 2.478164 J 2.4759616 | a.4761067 | 24762518 | 


ad 


— 


from 1 to 10000. 


5 5 — N TREE. SY 
Num. 5 3 23991275 Toba 
—250 | 2-3988077 | 2.3989811 | 2-3991543 | 2.3993275 23995 7 
259 | 55380 | 2 4007106 | 2.4008832 [ 2.4910557 24512282 
„ eee eee 24029488 
2 2453978 24541492 | 2-4043255 | 2444916 44404662 | 
255 2 24058584 2.400289 | 2.40619 94 | 2.4063698 
254 ** 92 9 | 24575698 | 2.4977397 | 2.4979955 2800; 
253 > — 2. 409256) 2. 4094259 | 2.409590 | 2.4097641 
255 + 1 0 2. 4109459 [24111144 2 4112829 2.4114513 
257 2 a, 2.4126285 | 2-4127964 | 2.4129643 | 2.4131320 
259 | 2 1 24143047 | 24144719 [ 2.4146391 2. 4148063 
79 2 24159744 2416140 2. 4163076 24164741 
ao N 2.4176377 | 2:4:75937 [2472 | 24181355 
_ —5 rags 24792947 2475461 24797274 2.4 97906 
263 LEO - | 2.4225898 | 2.4227539 | 2.4229180 2.4230820 
264 _ - > 2.42421 | 2.4243916 | 2.4245550 | 24247183 
265 1 my 2.42536>1 | 2 426230 | 2.4261858 2.4263486 
266 S093 54 $ | 2.4274861 [2.4276484 [ 24278106 | 2.427 9727 
267 2 38 2.429 1060 2.429267 2.4294293 24295908 
268 _ _— 2.4397199 | 2 4308809 | 2.4310419 2.4312029 
269 2 35 24323278 [24324883 [ 2.4326487 [24328090 
27224337658 244335298 24345856 2-4342495 | 2 4344092 
271 * 1665 2.4355259 | 2.4356851 [ 2-4358444 2.436003 
2 bg 2.4371161 2.437274 | 2.4374334 24375920 
an, 2439177 
274 | in e eee 2447517 
275 WT r | 2-4418522 | 2 4420092 | 2.4421664 | 2.4423230 . 
4% | 2009” | 34434195. eee 2.4438885 * 
12248232 | 24449911 |. 2.451370 | 24452928 24454485 
25 | 24470349 | 2.448077 | 2.4482424 [4483571 [ 24435579 
280 | 2-44793 84 2.44963 272.4497868 | 2.4499410 | 2.4500951 
2 * nts 24511722 | 2-4513258 | 24514794 [2.416329 
283 2472552142706 | 24528593 | 24530124 | 24331097 
on. | 204583 2.4542349 | 2-4543875 | 2.444 | 2.4546924 
284 2 24557582 2.459102 | 2.4560622 | 2.4562142 
_ © ac 2.4572762 | 2-4574277 2-4375791 | 2.45773095 
* ET 24787889 2.459399 | 2.4590908 | 2-4592417 
mR in eee 2.4605972 | 2.4607475 
4 2 2.461 7986 2-4619485 [ 2.4620984 [24622482 
1 n | 24632056 | 24000008 |. aa6ov0ge 2.463 1437 
291 [ 24646586 24647875 24649364 | 24655853 2.465 2341 
291 | v ; 59 | 24662743 | 2-4564227 | 2.4665711 | 2.4667194 
2 10011 24677561 [24679039 [2.468518 | 2.4681 996 
293 | e. 2.469232) N 2.4695275 [24696748 
294 4. <- 2.4707044 | 24708513 24709982 | 2.4711450 
295 2 5 5 24721711 [24723175 24724639 | 2.4726102 
yo. j ED 3 Guts | £.0050088'1 rates 2.4740705 
298 14765405 2.47 50898 | 2475 1 247 oe 2 2 555 
| | 7 1 2 4768316 | 2.47695 
299 ' 2.4763968 2.47 66567 | 2 47683 «4709 X 


2.4765418 | 


B 


- 


A TABLE of Logarithms. 


349 2.5428254 | 2.5429493 


Num. o I e 73 | 4 
— — — — —— — — _— — — 
300 | 2.4771213 [24772660 | 24774017 | 24775153 [24776999 
301 [24785665 | 247878 24788550 | 2.4789991 | 2.4791432 
392 |' 2.4800069 | 2.4801507 | 2-4802945 | 2.4805381 | 2-4805818 
] 303 2.4814426 | 2.4815859 | 2-4817292 | 2.4$18724 | 2-4820156 
304. 2.4828736 | 2.4830164 | 2.4331592 | 2.4833019 | 2.4834446 
305 2.48429938 | 2.4844422 | 2.4845845 | 2.4847268 | 2-4848690 
306 | 2.4857214 | 2.4858633 | 2.4860052 | 2.4861470 | 24862888 
307 2.4$71384 | 2.4$72798 | 2.4$74212 | 2.4875626 | 2477039 
308 2.488550 2.488691 | 2.4888326 | 2.4889735 | 2.489114 
399 | 24399585 | 2.4900990 | 2-4902395 | 2.4903739 | 2-4905203 
310 J 2.4913617 | 2 4915018 | 2.4916418 | 2.4915818 | 2.491921) 
311 2.4927 604 | 2.4929000 2.4930396 2 4931791 2.493 3186 
312 | 2-4941546 | 2.4942938 | 24944329 | 2.4945720 | 24947110 
313 2-4955443 24956831 [24958218 | 2.4959604 | 2.4960990 
314 | 2-4969296 | 2.4970679 | 24972062 * 2.4973444 | 24974825 
315 | 2-4983106 | 24984484 | 2.4985862 | 2.4987240 | 24988617 
316 [24996871 | 2.4998245 | 2.4999619 | 25900992 | 2.5002365 
317 2.50 19593 | 2.5011962 | 2. 5013332 | 2-5014701 25016069 
318 2. 5024271 | 2.502563 | 2. 50270 2. 5028366 [2.529731 
319 2.5037 907 2. 5039268 | 2.5040629. | 2. 5041989 | 25043349 
320 2.505 5 2.505285) | 2.554213] 2.5055569 | 2 5956925 
321 | 2 5065050 | 2.5066403 | 2:5067755 | 2.506y107 | 2:5970459 
322 2.5078559 | 2.5079907 | 2.5081255 | 2.5082603 | 2-5083950 
323 | 2-5092025 | 2.5093370 | 2.5094714 | 2-5996057 | 2:5097400 
324 | 25105450 | 2.5106790 | 2.5108130 | 2-5109400 | 25110808 
325 2.5118834 | 2.5120170 | 2.5121505 | 25122841 | 2.524175 
326 | 2.5132176 | 2.5133508 | 2.5134840 | 2.5136171 | 25137501 
327 2.5145478 | 2.5146805 | 2.5148133 | 25149460 | 2-5150787 
328 | 2.5158738 | 2.5160062, | 2:5161336 | 2 5162709 | 2-5164031 
329 | 2-5171959 | 2-5173279 | 25174598 | 2.5175917 | 25177236 
330 2.5195 159 2.5186455 | 2-5187771 | 2.5189086 | 2-5190400 
331 2.5 198280 | 2.5199592 | 2.5200903 | 2.5202214 | 25203525 
332 2.5211381 | 2.5212689 | 2.5213996 | 2-5215393 | 2-5216610 
333 | 2-5224442 | 2:5225746 | 2-5227050 | 2.5228353 | 2-5229656 
334 | 2-5237465 | 2.5238765 | 2-5240064 | 2.5241364 | 2-5242663 
335 | 25250448 | 2.5251744 f 2.525304 | 2.5254336 | 25255631 
336 2.5263393 | 2-5264685 YL, 2 5265977 | 2.5267269 2.268560 
337 2.526299 | 2.5277588 2.52788760 2. 5280163 2.5281451 
338 25289167 2.5 "a 1 2-5291736 | 2.5293020 4 £.5294304 
339 | 2-53919974 2.363208 J 2-5304558 | 2-5305839 | 2-5307118 
340 | 2.5314789 | 2.5316065" | 2-5317343 | 2.5318619 | 2-5319896 
341 | 25327544 | 2.5323817 [25330090 | 2.5331363 25332635 
342 | 2-5349261 | 2.5341531 | 2.534280 | 2 5344069 | 2.5345338 
343 | 2:5352941 | 2-5354207 | 2-5355473 | 25356738 | 2.5358003 
344 | 25365584 | 2.5366847 | 2.5368109 | 2.536937 |. 2.5370631 
345 | 25378191 | 25379459 [2.538008 | 2.3381966 | 2 5383223 
346 2.5390761 2.5392016 2.5393271 | 2-3394525 | 2.539377 
347 | 2 5493295 | 2.5404 5462.540579 | 2.5497048 | 2-540829 
348 2.541592 | 2.54170 | 2.5418288 | 2.5419535 | 2.420781 
2. 5430742 | 2.5431986 [ 2.543322 


B 2 


No * 8 9 
Num. 5 | — ß 
: | x 24779890 | 2-4781334 | 2-4782778 2.4784222 

— „ 2.4794313. [24795753 2777 2.4798631 
302 2.4807254 24808689 wy — — I $59 ts 993 | 
303 24821887 [24823018 48295 een 
304 | 2.4835873 24837299 24030725 . 3 25 
305 2.480112 | 24851533 | 24 $2954 24554375 9403979 
% | 2.4864305 | 24865721 | 2.4867138 | 24868554 | 24869969 
307 2.487 8451 | 2.4879863 | 2.48812 7 5 * 1 «_ 4097 
308 | 2 4892532 | 24893959 | 2.4895366 | 2.459 373 2 98179 
| 309 2 4906607 2.498009 2 N * — 
zio | 24920616 | 24922015 | 24923413 | 26 | 2.49 — 
it | 24934581 || 2-4939974 | 24937369 | 2-493 5 22777056 
12 [24548 2.494989 | 2-4951279 04977667 2-4954 
* 5 24562375 2.4963 761 2-4965145 24966529 24907913 
314 | 24976206 2.4977587 | 2497 9 7 2-49 347 l — 3 
315 2.4989994 | 2-4991370 — pe a 2 — 
316 | 2.500373) 2.280% | 2 50064"T | 3.50077 —— — 
17 2.5917437 2.5918805 — -4 539 1 
0 T, ee e , | 290465 
2. 5044709 | 2.50 , 7 . N 
— 2.05828 2.505963 22577222 Er wr ws pp 
321 2.5971810 | 2.5973160 1283525 25 1 4 050 
322 2. 5085297 a 2. 5086644 2.50 7990 2.50 22 * 
323 | 2.5098743 | 25100085 | 2 | 2-5102763 | 2:5104109 
ee | 25113485 | 2511482 | 2gti6169 | ar. 7497 
2 2.5125510 | 2-5126544 | 2-5129179 |} 2:5 9 £ 23300 
269 2.5138832 | -2-5149162 | 2-5 5 yp * * "oY — 
327 2.5152113 25153439 de + — 9 
a 12 416118 4.28306 251638323 
— N ads be 2.5193028 | 2 5194342 2-5195655 | * 
22 2.5204835 | 25206145. | 25207455 | 2-520 164 Ny apa. 
33 2.5217916 | 2.5219222 23220528 2332103 5 2313 
530 2.5230958 2 5232260 2+5233 562 25034005 - 2.5236164 
= 2.5243961 | 25245259 2.5246557 wes 4 1 1 4 
35s | apes [og a 222125 252) jar 2 5275010 
336 2.5269851 | 25271141 | 2 5272431 | 2:5273721 | 4 ; 
7 275284738 2 5284024 227 SR Was ny 
338 | 25295587 | 2-5296809 | 2-529 < — 434 7. 
339 | 2.5308398 2. 5309677 | 2-53 9935 6 anc $3313508 
| 340 25321171 | 2.5322446 12 jo 2 4-7 * 
eee 
342 | 2.5346606 | 2 5347874 | 2-534914 2-53.04 5 2 75 
eee 
344 [242776233173 |.2:5374413 | 2-5375673 2386535 
3 2.538451 | 25385737 | 2-5396994 | 2.530250 | 2.53 — 
— 2.5397032 | 2-5398286 | 2539953 228 1292452 
347 | 4.5409 48 | 2-5410798 | 2-5412047 | 2-54 3296 | 2-5414544 
246 2.5422028 | 25423274 | 25424519 3 1 2.5427 
| 4: 2 3434472 | 2.5435 714. 2 5436956 | 2.5435198 | 2.5439439 
— — 


ATABLE of Logarichms. 


n 4 
- 


_— 


I 2 
— — — — — — 
2. 5440680 [2.54419 21 | 2.443161. 2.544440 | 2.445641 
2.545301 2-5454308 | 2-5455545 | 2.545781 [2.545 8018 
2.546542) | 2-5466660 | 2. 5467894 | 2.5469 126 2.54703 59 
2.5 477747 2.547897) 2.548207 | 2.5481436 [ 2.482665 
2. 5490033 2-5491259 | 2.5492486 | 2.5493712 2.549493 
2.5502284 | 2.5503507 | 2.5594739 | 2.550595 2 2:5507174 
| 2,5514500 | 2-5515720 | 2-5516939 | 2.5518158 2.551937 
2.5526682 | 2.5527899 | 2.552915 | 2-5530330 | 2-5531545 
2.5538830 [2.554043 | 2.5541256 | 2.554468 | 2.5543680 
2 5550944 | 2.5552154 | 2:5553363 | 2.5554572 2.555781 
2.5563025 | 2,5564231 | 2.5565437 | 2-5566643 | 2.5567848 
25575072 | 25576275 | 2:557747k | 2-55786S0 | 2:5579881 
2.5587086 | 2-5588285 | 2.5589484 | 2.5599633 2.5 591882 
363 2.559966 | 2 5600262 | 2.561458 | 2.5602654 | 2.5603849 
364 2-5611014. | 2.5612207 | 2.5613399 | 2.5614592 | 2:5615784. . 
365 | 2-5622929 Freed 2.562539S | 2.5626497 | 2.5627685 
366 | 2-5634811 | 2.5635997 | 2.5637183 | 2.5638369 | 2.5639555 
367 2.5646661 | 2.5647844 | 2-5649027 | 2.5650209 | 2:5651392 
368 2.5658478 | 2.5659658 2.56608 382.5662917 | 2.5663196 
369 | 2-5670264 | 2.5671440 | 25672617 | 2.5673793 | 2-5674969 
370 2.5682017 | 2.5683191 2. 5684364 | 2.5685537 | 2 5686710 
371 | 25693739 | 25694910 | 2-56960So | 2 5697249 | 25698419 
372 2.5705429 | 2.5706597 | 2.5707764 2.5 708930 2 5710097 
373 2.1788 | 2.5718252 | 25719416 | 2.5720580 24721743 
374 | 2:5725716 | 2.5729877 | 2-5731038 | 2.5732198 | 2-5733358 
375 | 2.574313 | 25741471 | '2-5742628 | 2.5743786 | 2.5744943 
376 [2.571878 | 2.5753033 | 2.57541$8 | 2.5755342 | 25756496 
377 - | 25763414. | 2.5764565 [2.765717 | 2 5766868 | 2-576801g , 
378 | 2.774918 | 2.5776267 | 2:5777215 | 2 5778363 | 25779511 
379 2.576392 | 2.5787538 | 2 5783683 | 2.5789828 | 25792973 
380 2.5797336 | 2.5798979 | 2.5800121. | 2.5801263 | 2:58024955 
381 2.5809250 2.58 0389 | 2.5811529 | 2.5812668 2.58 13807 
382 2. 5820634 | 2,5821770 | 2.5922907 25324043 2.5825179 
333 2.5831988 | 2,5$33122  2.5834255 * 2.5835388 | . 2.5836521 
384 | 2.843312 2:5844443 | 2-5845574 | 2.5846704 | 2-5847834 
335 | 25854607 | 2.5855735 J 2-5856563. | 2.5857990 23859115 
Vc | <2 2953 | 3-50 $ £2079377 
387 | 2-5877110 | 2.5878232 | 25879353 | 2-5850475 | 2-5881596 
388 2.588831 | 2.5889436 | 2. 5890555 | 2.5891674 | 2.5592792 
389 2. 5899496 2.59006 L2 25901728 2.5902844 | 2-5903959 
390 2.59 10646 2.591176D | 2 5912873 | 2.5913986 [2.591 5098 
391 21921768 | 2.5922878 | 2 5923988 | 2.5925095 | 2:5926208 
392 | 2.5932861 | 2.593396$ | 2.5935976 | 2-5936183 | 2.5937290 
393 2.5943926 | 2.59400 | 2.5946135 | 2.947239 | 2.594834 
394 2.594962 | 2.5956264 | 2.5957166 | 2.5958268 2.959369 
295 | - 2.5965971I | 2.5967070 | 2.5968169. | 2.5969268 | 2 5970367 
396 | 2-5976952 2.597848 | 2 5979145 | 2.5980241 |} 2.5981336 
39) | 25987905 | 2.5988999y | 2.5992092 | 2.5991186 | 2.5992279 
398 2.399 8831 | 2.5999922. þ 2.1013 2.60 103 | 2.6003193 
399 2. 60097 20 | 2.5010817 | 2.601195 | 2.6>12993 | 2.6014081 


SITE ET ere 
2.544680 25448719 2-5449358 | ©5452596 | 2-5451834 
2.5459253 | 2-5460489 | 25461724 25462918 | 25464193 
2.547159k | 2-5472923 | 25474055 45475286 2.547617 
2.5483894 | 2.5485123 | 2:5486351 | 275457578 | 2-54888c6 
2.5496162 | 2.5497387 | 2 5458612 | 2.5499836 | 2-5501065 
2.5598396 | 25509618 | 2.5510839 | 2.5512059 | 2.513280 
2.5520595 | 2.5521813 | 2.5523031 | 2.5524248 | 2:5525465 
2.5532760 | 245533975 | 2+5535189 | 2-5536403 | 25537617 
2 5544892 | 2.5546103 | 2:5547314 | 2:5545524 | 25549735 
2.5536989 | 2.5558197 | 2.5559404 | 25560612 | 2.5561818 
2.5569053 | 2.557025] | 2-5571461 | 2-5572665 | 2.5573569 
2.5581083 | 2.5582284 | 2:5583485 | 2.584686 255858868 
2.559 3080 [ 2.594278 | 25595476 | 2.5596673 [2.597870 
2. 5605044 2.5606239 | 2:5607433 | 25608627 | 2.609821 
2.566975] 2.5618167 | 2:5619358 | 2-5620548 | 2.5621739 
2.5628874 | 2.5630062 | 2.5631259 | 4.5632437 | 2-5633624 
2.5640740 | 245641925 | 2 5643109 | 2.5644293 | 25645477 
2.5152573 | 245653755 | 25654936 | 25656117 | 2-5657298 
2.5664375 | 2.5665553 | 2.5666731 | 2.5667g09 | 2.5669087 

+ 2.5676144 | 2.5677320 | 2.5675494 | 2 5679669 | ** 
2. 5687882 2,5689054 25690226 17591357 2.569256 
2. 5699588 [2.570057 2.570926 2 5703094 | 25704262 
2.5711263 | 2.57124 292.5713594 2.714759 25715924 
2.5722906 | 2.5724069 | 2-5725231 | 2-5726393 | 2:5727555 
2-5734518 | 2.5735678 | 2-5736837 | 25737996 | 25739154 
2:5 746099 | 2-5747256 | 245749412 | 25749563 | 25750723 

2.57 57650 | p.5758803 | 2.5159956 | 2-5761109 [ 7782281 
2.5769179 | 2.5750320 | 2.5771470 | 2.5772620 | 25773769 
2.578c659 | 2.578 1806] 2.5782953 2-5784100 | 25785246 
2-5792118 | 2.5893262 | 2.5794406 2.57955 | 2-5796693 
2.5803547 | 2.5$04688 | 2.5805829 | 2-5806969 | 2-5808110 

2.58 14945 25816084 | 2.5917222 | 2-5818359 | 2.5819497 
2.5826314 | 2.5827450 | 2-53828585 | 2-5829519 | 2-5830854 
2.5837654 | 25838786 | 25839918 | 2.384105 | 2-5842181 
2,5848963 | 2.5850093 | 2.5851222 | 2 5852351 | 2:5853479 
2.5860244 | 2.5861570 | 2.5862496 | 2.5863622 | 2-5564748 
2.5871495 | 2-5872618 | 2 5873742 | 25874865 || 2 5875987 + 
25882717 | 2.5883838 | 2.5884958 | 2.5886078 | 2.5887198 
2.5893910 [2.389528 | 2.5896145 | 2-5897263 25898379 
2.5995075 2.5906 189 | 2.5907304 | 2:5903418.| 2-5909532 
2.5916210 | 2.5917322 | 2.59138434 | 2:5919546 | 2-5920657 
2.5927318 | 2.5y28427 [25929536 25939644 | 2-5931753 
2.5933397 | 245939503 | 2-5949609 2 5941715 | 25942520 
2.5949447 | 2.5959551 | 2:5951654 | 25932757 | 25953860 
2.5960470 } 2.5961571 | 25962671 | 2-5963771 2.5964871 
2.5971465 | 2-5972563 | 25973661 | 25974758 | 2.5975555 
2.5982432 | 2.5983527 | 2.5984622 2.598571 | 25986811 * 
2.5993371 | 2-5994464 | 25995556 | 2-5996648 | 2-5997739 
2.6004283 | 2.6005373 | 2.6006462 | 2.6007551 | 26008640 

| 2 6015168 | 2.65r6255 | 26017341 | 2.018428 [2.601914 

7 * 


A TABLE of Logarithms, 


— 


* 
1 — 
— 


Num. 3 e wah | _ 
| Lanes | Fay | JG ene. LOggN 
4or | 2:6031444 | 2-6032527 42.533659 2.6045500 2.6046580 
402 | 2.6042261 2.604334 | 2:6044421 2.6056282 | 2.6057359 
403 2.605 3050 2.6054128 [2.65 5205 09% — 2.60681 11 
44 | 2.6063814 2. 6064889 | 2.6065963 2.6577 766 2.607883 
4:5 2674 2.607 5622 2.60 694 2.6088468 2.606953 
406 | 26085262 | 2.60863 30 2.6007399 2.699144 | 2.600210 
407 | 26295944 | 2-6097oII | 2.62980; 2.61c9794 | 2.61co857 
408 ? 2.6106602 | 2.6107666 2 2 . 
409 2.6117233 | 2-6118295 | 2.611935 6 31015 [ 26132074 
410 [2127832 [2128898 26129977 2 2.6142643 
11 2. 6138418 | 2.6139475 | 2.6140531 1 
r 2.61 5 1080 | 2.5152133 | 2.615318) 
412 ys ke —— nn | 2.6162654 | 2.6163705 
413 2.0159501I 6 2 | 2.61752101 | 2.617 3149 ][ 26174197 
414 2.6170003 | 26171052 | * 26183619 | 2.6184665 
2.6180431 | 2-6181527 | 2.6182573 | 
| 2.6190933 26191973 —_ —— . 
417 2.620136 [26202402 | 2. | 2.62148; 2.6215917 
6212802 | 2.621384 | 2.6214879 
418 | 2.6211763 | 2 * 213 | 2.6225249 | 2.6226284 
I 2 6222140 | 2.623177 26224213 623662 
420 e 
2 6242821 a — . 
Ba 1-248 eee | 2.625723 
422 53 6 2. 6266483 2.6267 509 
| 423 2626341 | 2.6264430 2.626437 7427 % 777 
| 2.6273659 | 2-6274683 | 2.6275707 | 2.62767 +. 
has | 2.6283889 2.628491 1 — * — 4 
& 6 | 2.6295115 | 2.629 8 
426 2-629409 6305296 | 2.6306312 | 2.6307329 | 2.6308345 
427 1 5 5 ey” 67 | 2.6317481 | 2.6318495 
428 | 2.6314439 2.631545 26226509; 1 6327609 | 2-6328620 
2-6324573 | 2-6325585 | 2.6326597 | 2.63 623872 
5 2.63 34685 1633764 746750 3 — 
„ [Oe | ND | 
63 54837 | 2.6355843 | 2.635684 357 268 
432 2.63 54837 6688 2. 6367887 2.636 889 ä 
879 2.6365882 | 2.63 4 / 78 
433 | 26364 6376898 2.6377 896 | 2.6378898 
.6374397 | 2-6375898 | 2.637689 f . 
434 2.6374 6386889 | 2.6387887 |©2.6388884, 
2 2-6384893 | 2-6385391 26386889 | 
435 | 26399865 | ö es 
437 2.644814 2.640 5808 * 4 5 24478005 
438 2.644741 | 2.6415733 _—_— p — 2.6427612 | 2.6428601 
Ro] OE noe: | carrots 2.638473 
440 64463 35 | 2.6447339 | 2.6448323 
ä 6445371. 2.644635 
441 2.64443 86 a | 618 2.6457169 2.6458151 
2.6455205 | 2-6456187 / 
442 | 26454223 | 2 2.64659 8 2.646697) | 2.6467957 
2.646403 | 2.6465018 2. 479 ©) 4 
= 26473830 2.6474808 | 2-6475786 : 436325 _ 
445 | 26483600 | 2.6484576 | 2.6455 g - 2 2.6497242 
ob r eber 
2.65030 a 4 6516656 
44 2.651278 2.6513749 | 2.6514719 _ | ny 4 
rr 


— — — 


WEE 


2.6026025 2.602 710 | 2 Ds 9 265292) | 2.653036t 
26036855 | 2.6537937 [2.6918 4.54% | 26541189 
2.647659 | 26048738 | 2.6049816 2 6050895 [286051973 
2. 60584335 [ 2-6559512 2.600587 2 6261663 1 
2. 6069185 2.600259 | 2.6071332 | 2.657245 | 2.607347 
2.6579909 | 2.6582979 2.682050 | 2.6983 120 | 2.60841g1 
2.6090625 | 2-6591674 | 2-6092742 | 26293829 | 26094877 
2.6101276 | 2:6102342 | 26103407 | 2 6124472 2.610553 
2.61119 21 | 2.612984 2.6 114046 2.611509 2.6116171 
2.6122539 | 2.6123599 | 261246695 | 2.6125720 | 2-6126779 
2.6133132 | 2-6134189 | 26135247 | 2.6136304 | 2-6137361 - 
2 6143698 | 2.6144754 | 2.147899 | 2-6146563 | 2.6147918 
2.6154240 | 2.6i55292 | 2.6156345 [2.57397 | 2.6158449 
2.6164755 | 2.6165805 | 2.6166855 | 2-6167905 | 26168954 
2.6175245 | 2.6176293 | 2.617730 | 26178387 | 26179434 
2.6185719 |-2,6186755 | 2,6187800 | 2.6188845 | 2 6189889 
2.6196150 | 2.6197193 | 26198235 | 2.619927) [2.62003 19 
2.6206565 | 2.6207655 | 2.6208645 | 26209684 | 2.6210724 
2.6216955 | 2.6217992 | 2.6219030 | 2.6229967 | 2-6221104 
2.0227320 | 2,6228355 | 2 622939 | 2623042} | 26231459 
2.6237660 | 2.6238693 | 26239725 | 2.6242757 | 2-6241789 
2.6247976 | 2.6249006 | 2-625c036 | 2:6251066 2.625209 
2.625826) | 2.6259295 | 2.6265322 | 26261359 | 2-6262377 
2.6268534 | 2.626956> | 2.6270585 | 2.627 1619 2.6272634 
2.627877 26279805 2.6280823 | 26281845 | 2-6282867 
2.6288996 2.6 290016 | 26291037 | 2,6292057 | 2-6293076 - 
2.6299190 2.300 | 26301226 | 2.632244] 2.639326: - 
2.6309361 | 2.6310377 | 2.6311393 2.63 12403 | 2-6313423 
2.6319508 | 2,6320522 2.5321535 2.6322548 | 2.6323560 
2.6329632 2.633 5643 2633 1654 [2.63 32664 26333674 
2.6339732 2.634749 | 2-6341749 | 2.6342757 | 2-6343765 
2.6349808 | 2.6350814 | 2.6351820 | 2.6352826 | 2.6353832 
2.6359861 | 2,6350865 0 2228 2.6362872 | 2.6363876 
26369891 26310893 26371894 26372895 4.637389 
2.63 79898 2.638589 5 381896 | 2:6382895 [ 2.6383 894 
2.63 89882 2 6399879 2.63918; 6 26392872] 2.6393869 
2.6399942 | 2.64 037 2.640182 2.64223826 | 2.6403820 
2.649971 | 2.6410773 | 2-0411765 | 2-6412758 | 2.6413749 
2 6419696 | 2.6420686 | 2.6421676 | 2.6422666 | 2.6423656 
2.6429589 | 2.6432577 | 2-6431565 } 2-6432552 | 2.6433542 
2-6439459 | 2.6449445 | 2-6441431 | 2.644246 | 2.6443401 
2.644930 | 2-6450291 | 2.5451274 | 2.6452257 f 2.6453240 
2 6459133 | 2.6462114 2.6461095 2.6462076 | 2.6463057 
2.6463936 | 2.6469915 | 26470894 | 2.6471873-| 2.6472851 
2.6478718 | 2.6479695 | 2-6480671 2.648 1648 | 26482624 
2.6488477 | 2.6489452 | 2-6490426 [ 2.649i421 | 26492375 
2. 6498215 2.6499187 | 2.650169 2.651132 | 2.6522104 
2.650930 2.6508901 | 2.6509$71 | 2.6510841 | 26511811 
2.6517624 | 2.6518593 | 26519561 | 2.6520528 | 2.6521496 | 
_2,6527297 | 8. 6523263 _ 2.6529229 | 26530195 2.6531160 


aq 


A TABLE of Logarithms. 


— 


——_ 


Num. O I e [ 4 
450 | 2:6532125 | 2.6533090 | 2.6534255 | 26535019 | 2.6535984 
451 | 2.6541765 | 2.6542728 | 2.65436g1 | 26544653 | 2.6545616 
452 | 26551384 | 2-6552345 2.6553 306 | 2.6354266 | 2.6555226 

453 2.656982 2.656194 | 2.6562899 | 2.6563857 | 2.6564815 
454 2.6570559 | 26571515 2.6572471 | 26573427 2.6574383 

455 2.65$2114 | 2.6581068 2.658223 2.658297) | 2.6583930 
456 { 2.6589648 | 26590601 | 2-6591553 | 2.659250 | 26593456 
457 2.6599162 | 2.6600112 2.6601062 | 2.6602012 | 2.6652962 

458 2.6608655 | 26609603 | 2.6610551 | 2.6611499 | 2.6612446 
459 2.6618$127 | 26619073 | 2.6620019 | 2.662964 | 26621910 
460 | 2.6621578 | 2.6628522 | 2.6629466 | 2.6630410 | 2.6631353 
461 | 2.6637009 | 2.6637951 2.6638893 | 2.6639835 [ 2.664077 
462 2.6646420 | 2.6647 360 | 2. 6648299 2.649239 2.6650178 
463 2.66 55810 | 2-6656748 | 2 6657686 | 2.6658623 | 2.665956 
464 2.6665 180 | 2.6666116 | 2.666 7051 | £.6667987 2.6665922 
465 2.6674530 | 2-667 5463 | 2-6676397 | 2.6677331 | 2.667$264. 
466 | '2.6683859 | 2-6684791 | 2.6685723 | 2:6686654 | 2.66875"'5 
467 2.6693169 2.669 4099 | 2.669 50 28 | 2.6695958 | 2-6696887 
468 2.6702459 | 2-6703386 | 2.6704314 | 2.6705242 | 2.6706169 
469 28711728 | 2-6712654, | 26713580 | 2.6714506 | 26715431! 
470 2 67209979 | 2-6721903 | 2.6722826 | 2.6723750 | 2.6724673 
471 2 6130209 | 2-6731131 | 2-6732053 | 2.6732974 | 2.6733896 
472 2.6739420 | 26740349 |- 2.6741260 | 2.6742179 | 2.6743099 

—473 |. 26748611 | 2.6749529 | 2:6759447 | 2:6751365 | 2.6752283 
474 2.6757783 | 2-6758700 | 2.6759615 | 2.6760531 | 2.676144) 

75 2.6766936 | 2.6767850 | 2.6768764 | 2.6769678 | 2.6770592 
476 2.6;776070 | 2.6776982 | 2-67778yq | 2-6778806 | 2.6779718 
477 26785184 | 2.6786094 | 2-6787004 ,| 26787914 | 2.6788824 
478 [2.679429 | 2.675187 | 2-6796296 | 26797004 | 2.6"97912 
479 | 26803355 2. 6804262 | 2.6805168 | 2.63506074 | 2.68069+0 
480 2.68 12412 | 2.6813317 | 2.68 14222 | 2.6315126 | 2.6816030 
481 2.6821451 | -2.6822354 | 2-6823256 | 2.6524159 | 2.6525061 
482 2.68 30470 [6831371 | 2.632272 | 2.683313 2.683403 
483 | 2 6839471 2.68403 70 | 26841269 26842168 | 2.6843060 
484 2.6848454 | 26849351 | 2.68 50248 | 2-6851145 | 2.6862041 
485 2.6857417 26858313 26859208 | 2.6860103 , 2.6860998 
486 2.6866363 | 2 6867256 2.6868 150 2.68690 432.6869936 
487 2.68 75290 | 26876181 | 2.6877073 | 2.6877964 | 2.687885 
488 2.6884198 | 2.6885088 | 2.6885978 | 2.6886867 | 2.6887757 
439 2.6893089 | 2.6393977 |. 2-6394864 | 2.6895752 | 2.6896640 

490 2. 6901961 2.6902847 [2 6903733 | 2.6994619 [2.6905 505 
491 2.69108 15 | 2.691 1699 | 2.6912584 | 2:6913468 | 2.69143 52 
492 2.6919651 ][ 2.6920534 | 2 6921416 | 2.6922298 | 2.6923 180 
493 | 26928469 | 2.6929350 | 2.69309231 | 2.6931111 | 2.6931991 
494 | " 2.69g7269 | 2.6938149 | 2-6939027 | 2 6939906 | 2.6940785 
495 2.6946252 | 2.6946929 |. 2-6947806 | 2.6948683 | 2.6949569 
496 |. 2 6954817 | 2.6955692 [26956568 fl 2.6957443 | 2.6955318 

4971 | 26963564 | 2.6964438 | 26965311 | 2-6966185 | 2.6967058 

498 2.69 72293 2.6973165 | 2.697403 2. 6974909 2.69 5780 

| 499 2698 05 | 2.6981$76 | 2.6982746 | 2.6983816 J 2.69$4485 


from 1 to 10000, 
. ddl e 
459 2.6536948 | 2.6537912 | 2-6538876 | 
451 | 26546578 | 2.6547539 | 2-6545501 
452 2.6556186 | 2 6557145 | 26555105 
453 2.6565773 | 2:6566730 | 2.6567688 
454 | 2-6575339 | 2-6576294 | 2 6577250 
455 2.6584884 | 2.6585837 | 2.6586; 90 
456 | 2.6594408 | 2.6595359 | 2-6596310 
457 | 2.6603911 | 2.6604860 | 2.6605 809 
458 2.6613393 | 2.6614340 | 2.6615287 . 
459 2.6622855 | 2.6623800 | 2.6624745 
460 2.66322y96 | 2.6633239 | 2-6634182 
461 2.6541717 | 2. 6642658 | 2.6643599 
462 | 2.6651117 | 2.6652056 | 2.6652995 
463 2.6660497 |. 2 6661434 | 2-6662371 
464 | 2.6669857 | 26650792. | 2.6671727 
465 2.6679197 | 26680130 | 2.6681062 
466 '| 2.6688516 | 2.6689447 | 2:6690378 
467 2.6697816 | 2.669$745 | 2.6699674 
468 2.6707096 | 2.6708023 | 2.6708950' 
469 | 2.6716356 | 26717281 | 26718206 
479 2.6725596 | 2.6726519 | 26727442 
471 2.673481) | 26735738 | 26736659 
472 2.6744018 | 2.674493) |} 26745856 
473 2.675320 2654117 |- 2:6755034 
474 2.6762362 | 2.676327) | 2-6764192 
475 2.6771505 | 26772418 | 26773332 
476 | 2.6780629 | 2.6781540 | 2.6782452 
477 | -2.6789734 |} 2-6790643 | 26791552 
478 2.6798819 | 2.6799727 | 2. 6800634 
479 | 2.6807886 | 2-6808792 | 2 6809697 
480 | 2.6816934 | 2.6817838 | 2.6818741 
481 2.6825963 2.682686 2.6827 766 
482 | 2.6834973 | 2.6835873 | 2.6836773 
483 2.6843965 | 2.6844863 | 2-6845761 
484 | 2-6852938 | 2.6853834 | 26854730 
485 2.6861892 | 2.6862787 | 2.6863681 
486 2.6870828 | 2-6871721 | 2 6872613 
487 2.6879746 | 2.6880637 | 2 6881528 
488 2.6888646 | 2.63889535 | 26890423 
489 2.6897527 | 2.6893414 2.6899301 
499 2.6906390 | 2.6907275 | 26908161 
491 e.6915235 | 2.6916119 | 2-6917002 
492 2.6924062 | 2.6924944 | 2 6925525 
| 493 | 2-6932872 | 2.6933752 | 2-6934631 
494 2.6941663 | 26942541 | 2-6943419 
495 | - 2.6950437 | 2-6951313 | 2-6952189 
496 2.6959193 2.69606) | 2.6960942 
497 | 2.6967931 | 2.6968804 2.6969676 
498 | 2.6976652 | 2.6977523 | 2-6978394 
| 499 | 2.6985 2.6986224 | 2.698709 


8 


— 


— 


— 


. 


2.65 39839 
2.6549462 


| 2.6559064 
2.6568645 


2.6578203 
2.6587743 


2.6597261 


2.6606758 


2.6672661 


2.668 1995 
2 6691308 


2.6 700602 
2. 6709876 


26719130 


2.6728365 
2.6737579 
2.6746775 
2.6755951 
2.6765 107 
2.6774244 
2.6783362 
2.67 92461 
1288 
2.68 10682 
Tess 
2.68286 


2.683767% | 


2.68466 59 
2.685 5626. 


2.6864575 
2.6873 506 
2.6882418 
2.6891312 
2.6900188 
2,6909046 
2.691 7885 
26926707 
2.693 5511 


26944297 


2-6953065 
2.6961816 
2.6970549 
2.6979264 
2.698796 


— 


2. 6540802 
2.65 50423 


2.656003 


2.6 569602 
2.6579159 
2.6588696 
2.6598212 
2.6607 796 
2.6617181 
2. 6626634 
2. 6636067 
2.664 5480 
26654872 
2. 6664244 
2.6673595 
2.6682927 | 
2.6692239 
2.6701530 
2. 67 1080 
2.67 20054 
2 6729287 
2.6738500 
2.6747693 
2.6766022 
2.6775157 
2.6784273 
2-6793370 
2.6802448 
2.681150 

26820348 
2.6829569 
2.683 8572 
2.6847556 
26856522 
2.686 5469 


2.6874398 


2.6883 308 


£.6892200 


2.6901074 
2.6909930 


2.6918768 


2.6927 588 
2.69363 90 
2.69451 74 
2 6953941 
2. 6962690 
26971421 
2.6980135 

2.69888 37 


= foe 


8 ts 
„ 5 
3 


— 


—ů — — 


A TA BLE Logins 


um. | 0 | I 2 3 
500 2.6989700- | 2 6990569 2.699143) | 2.6992305 
got 2.699837) | 2.6999244 | 2+7000111 | 2.7002977 
502 2.700703) | 2-7007902 2. 7008767 f 2. 009632 
503 2.701 560 ine 2.701 7406 [2.018269 
504 2.024305 [2.025167 | 2.7026028 2.026890 
505 | 2.7032914 | 27033774 | 2.7034633 2.7035493 
506 2.7041505 | 2.7042363 | 2.043221 | 2.7044079 
507 | 2.7050050 | 2.7050936 f. 1051792 | 2.7052649 
508 ] 2 5058637 | 2. 1059492 2.706034) 2. 7061201 
509 2.067178 | 2.7068031 | 2.7068884 | 2.7069737 
510 f 2.7075702 r 2.707405 2.078256 
| FII | 2.7084209 2.7085059 2.708598 | 2.7086755 
3512 | 27092700 | 2.7093548 2. 094396 2.095244 
513 2.100 174 2. 102020 | 2. 102866 2.7 103713 
514 27109631 | 2.110476 | 2.7111321 [2.712165 
515 2.7 118072 2.118915 [ 2.119759 [2.120601 
516 2.7 126497 2.7 127339 27128180 2.129021 
3517 | 2.7134905 27135745 2.7136585 | 2.7137425 
518 | 2.7143298 | 2.7144136 2.7144974 | 2.7145812 
119 | 2.7151674 | 2.7152510 2.153347 | 2.7154183 
$20 2.7162033 | 2.7160869 | 2-7161703 2.7 162538 
521 2.7168377 | 2.7169211 | 2.7170044 2.717087; 
522 2.7176705 | 2.7177537 | £.7178369 | 2.7179200 
' $23 2.7185017 2.7185847 2-7186677 2.7187507 
524 27193313 | 2.7194142 | 2.7194970 | 2.7195799 
525 2.720193 | 27202420 | 2.7203247 2.7 204974 
' $26 { 2.7209857 || 2.721068; | 2.7211508 | 2.72125334 
3527 | 2.7218106 | 2.7218930 | 2.7219754 | 2.7220578 
528 2.7226339 | 2.7227162 | 2.7227984 | 2.722 3856 
529 2-7234557 2.235378 | 2.7236198 | 2.7237019 
330 | 2.7242759 | 2.7243578 | 27244397 | 2.7245216 
331 | 2.7250945 | 2.1251763 | 2.72525$1 | 2.7253398 
532: 2.7259116 | 2.7259933 | 2:7260749 | 2-7261565 
533 2.7267272 | 2.7268087 | 2.7268901 | 2 7269716 
| 534 | 2.7275413 4.716226 2. 1213639 2.727852 
535 2.7253538 | 2.7284350 |. 2.728516r | 2.7285972 
$36 | 2:7291648 | 2.7292458 | 2-7293268 | 2 7294078 
537 2.7299743 | 2-7390552 2.7301360 27302168 - 
538 2-7 307823 2.) 308630 2. 7309437 [2.73 10244 
539 2.731588 2.73166y3 | 2.7317499 2.73 18304 
$49 | 2.7323938 | 2.7324742 | 2.7325546 | 2.73263 50- 
qr | 247331973 | 2.7332775 | 2-7333578 | 2.7334380 
542 2.7339993 | 27340794 2.7341 595 | 247342396 
543 | 2-7347998 | 2 7348798 2.734998 2.350397 
546 2.73 55989 | 2-7356787 |. 2.7357585 1273353583 
545 | 2-7363965 2.736476 |. 2.7365558 | 2.7366355 
546 | 2.7371926 | 2.7372722 2.7373517 | 27374312 
547 f 2-7379873 | 2-7380667 | 2.7381461 Li 
548  2.7387806 | 2.73 88598 2.389390 | 2.7 390182 
gg | 2-7395723 J 2.396514 B 2.73 98096 


[_2 


6993173 
2. 7001 843 


2. 7010496 


27019132 
27027751 
27036352 
27044937 
27053505 
2. 7062055 
2.70705 89 
27079107 


2.78760) 


2.096091 
27104559 
2.7113010 
2.7121444 
2.7129862 
2.7138264 
2,7146650 
2.7155019 
2.7163373 
2 7171710 
2.71 80032 
27188337 


27196627 
27204901 
2.7 213159 
2.7221401 
247229628 
2.7237839 
2.724603 5 
2.725421 6 
2.7 2623 80 
2.270530 


2.730297 
2.731105 
. 2-7319109 
2.7327153 

2-7335183 
2.7343197 
2.7351196 
2-7359181 

7367151 
2+7375107 
2.7383048 
2.7390974 

2.7 398887 


Py 


T 


2 


* 
: 


Num. | 23 6 N cafe 8 
550 | 2 6994041 | 2.699 98 | 2-6995776 | 2596643 2.6997510 
501 2. 002 709 . 7003575 2. 7004441 2.005307 2.006173 
502 2.701 1361 2.012225 2.013089 | 2.7013953 [2014816 
523 2,7019995 | 2-7025857 | 2-7021719 | 2.7022582 2.023444 
524 2.7028612 | 2.7029472 | 2-7039333 | 2-7031193 | 2.7032054 
505 2.7037 212 2.703801 2.038929 | 2.039788 2.7040647, | 
506 | 2.7045794 | 2.7046652 | 2-7c47509 | 2.7048366 | 2.7049223 
507 2.054360 2. 7055216 2 7056072 | 2-7056927 | 2.7057782 | 
| 508 | 2.7062910 | 2.7063764 | 2-7064617 | 2.7065471 | 27066325 + 
| 50g 270744 2.7072294 | 2.7073 146 |] 2.7073998 2.074850 
510 27079957 2.080882. 7081659 | 2.7082509 f 2.7083359 | 
511 2.088456 2.708930 229154 | 2-7091903 2.7091851 
512 | z7096939 | 2.7097786 | 2.7098633 | 2.7099480 | 2.7100327 
513 2.7105404 2.710625 | 2.7107096 | 2.7107941 | 2.7108786 | 
514 2.7113854 47114698 2.7115542 27116385 | 2.717229 
515 2.712228) | 2.7123129 27123971 2.7 124813 | 27125655 | 
516. | 2-7139703 | 2.7131544 2.7132385 | 2-7133225 | 2.713406 
517 2.71391042.7139943 2.714782 [2.141620] 2.714245 
518 2.7 147488 2.7145325 2.149162 | 2,7150000 | 2.715083 
519 | 2-7155856 2.71566gt | 2.7157527 | 2-7153363 | 2-7159198 
520 | 2-7164207 | 27165042 | 2 165876 | 2.7166710 | 2.167544 
521 | 2-7172543 | 27173376 2.7174258 [2.717541 [2.717873 
522 2.7 180863 2.7181694 | 2.7182525 | 2.7183356 | 2.7184186 
523 -|  2-7189767 | 2.71189996 | 2.719026 | 2.7191655 | 2.719248 
524 | 247197455 27198283 2.7199 111 | 2.71938 | 27200766 
525 2.7205727 | 27296554 2.7207380 | 2.7208206 | 2. 209032 
526 | 2-7213984 2.1214809 | 2 7215633 | 2.3216453 | 2.7217282 
527 2.7222225 | 27223948 2,7223871\| 2.7224694 | 2.722551) 
528 2.7230450 2,7231272 | 2.7232093 27232914 2.7233736 
529g | 2-7238660 2.239480 [27240300 | 2.7241120 | 2.7241939 f 
530 2.7246854 | 2-7247672 | 2.7243491 | 2.7249309 | 2-7250127 | 
$31 2.7255033 2.7255850 | 2.725666] | 2.7257483 2.7258300 
532 2.7263196 | 2.7264912 | 2+7 264827 | 2.7265642 | 2.7266457 
533 2.7211344 2.7272158 1 2.7272972 | 2.7273786 | 2.7274599 | 
534 2.7279477 2.7280290 f 2-7231102 | 2.7281914 | 2.7282726 | 
525 | 2:7287595 2.72$8406 | 2.7289216 | 2.7290027 | 2.7290838 
536 2.7 295697 2.7296597 2.7297316 2.7298125 2.7298934 
"537 | 27393785 | 21324593 2.7305400 | 2.7306208 | 2.730701 5 
538 | 27311857 2.7312663 | 2-7313470 | 2-7314276 | 2.7315082 
539 2.7 319914 2.7320719 2.7321524 27322329 27323133 
540 2.7327957 2.7323760 | 27329564 | 2.7339367 | 2.7331150 
541 | 2-7335985 2.7336787 | 2-7337588 | 2.7338390 | 2.7339192 
542 | 27343997 2-7344798 | 2.734578 [ 2.7346398 | 2.7347198 
543 7351995 | 2-7352794 | #1353593 [273843922 | 27355191 
544 | 27359979 2.7 360776 | 2-7361574 | 2.7362371 [2.7363 168 
545 2. 7367948 2.368744 2.73695 27370335 | 27371131 
546 2.737 5992 2.7376696 2-7377491 | 2-737S285 | 2.7379079 
547 2.7353841 | 2-7354634 2.7385427 | 2.7386220 | 2.7387013 ' 
348 27391766 2.7392558 | 2 7393352 2.739414 [2.7394932 
549 2.739967] | 27499467 | 27491257 | 2£.7492047 | 2:7402637 


A TABLE e 


— _— 


— 0 * 


Num. O "8k 5. 336 3 ER; e 
550 2. 27403627 2. 7404416 2. 7405206 2. 7405995 | 27406784 
551 2.7411516 | 2.7412304 | 27413092 | 2.7413880 2.744668 
552 | 2.7419391 | 2.742017) | 2-7420964 | 2.7421750 27422537 
553 2.7427251 | 2.7428037 | 2-7428822 | 2.7429607 | 2:7430392 
554 | 2.7435098 | 2.7435881 | 2.436665 | 2.7437449 | 27438232 
555 2.7442930 | 27443712 | 2-7444495 | 2.7445277 | 27446059 
556 | 2.7450748 | 2.7451529 3 2.743091 [27453871 
557 | 2.7458552 | 2.7459332 2.746111 [2.746890 | 2.7461670 
558 2 7466342 2.7467120 | 2. 7467898 | 2.7468676 | 27469454 
559 | 27474118 | 2.7474895 | 27475672 27476448 | 2:7477225 
560 2.7481880 | 2.7482656 | 2.7483431 | 2.7484206 | 2.7454981 
56: | 2.7489629 | 2.7490403 | 27491177 | 224919 [ 2:7492724 
562 | '2.7497363 277498136 2.7498908 | 2.7499681 | 2.750453 
563 2.3505084 | 2.7505855 [2.506626 2.507398 27508168 

564 |- 2-7512791 | 2.7513561 | 2-7514331 | 2-7515109 | 2.7515870 
565 2.7520484 2.7 5212532. 522022 2.7522790 | 2.7523558 
566 2.7528164 | 2.7528932 | 2.7 529699 | 2.7530466 | 2.7531232 
567 | 2.7535831 | 2.7536596 | 2-7537362 | 2.7538128 | 27535893 
568 | 2.7543433 | 2.7544248 | 2.7545012 | 2.7545777 | 2.7546541 
569 | 2.7551123 | 2.7551886 | 2.7552649 | 2-7553412 | 2.7554175 
570 | 2:7558749 | 2.7559510 | 247560272 | 2.7561034 | 27561795 
571 2. 7566361] 2.567122 [2.567882 2.7 568642 | 2 756940 
572 | 2.7573960 2.75747 19 | 2.7575479 | 2-7576237 [27576996 

_$73 | 2.7581546 | 2.7582304 | 27583062 | 27533819 | 2-7584577 
$574 297589119 27585875 2-7590632 | 2.759 13882792144 
575 [2.796678 | 2.7597434 [2.798189 [2.798944] 2 7599699 
576 2,7604225 | 2.7604979 [2.605733 | 2-7606486 | 2.7607240 
577 2.76117584 2.7612511 | 2.7613263 | 2.761416 | 2.7614768 
578 | 2.7619278 | 2.7620030 | 2.7620781 | 2.7621532 | 27622283 
579 2-7626786 | 2.7627536 | 2.762$286 | 2.7629035 | 2.762975 
580 2.7634280 | 2.7635029 | 247635777 | 2-7636526 | 2.7637274 

381 2.7641761 [2.642509 | 2-7643256 | 2.7 644003 2.7 644750 
582 2.7649230 | 2.649976 [2.76507 22 [27651468 | 2.7652214 
583 2.656686 2.657430 [2.7 658175 | 2 7658920 | 2.7659664 
584 2.664128 2.664872 [2.76656 162.7666359 | 2.7667 102 
585 | 2.7671559 | 2.767230 | 2.673043 | 2-7673785 | 2.767452) 

| 586 2.7675976 2.7679717 2.7680458 | 2 2 7681 1199 2.7 681940 
587 2.768638. | 2.7687 121 [ 2.7687 860 7 2.7689339 
588 2. 7693773] 2.694512 2.7695250 2.7695988 | -2.7696727 
589 2.7701153 | 2.7701890 | 2.7;02627 [2.703364 27704101 
590 2.7708520 | 2.7709256 | 2.7709992 | 2.7710728 | 2.7711463 
591 2.7715875 | 2.77166 10 | 2.7717344 | 2.718079 | 2.7 718813 
592 | 2.7723217 | 2:7723951 | 2.7724684 | 27725417 | 2-7726150 - 
593 2.7730347 | 2 ds Feb 2.7732011 | 27732743 | 2:1733475 
594 | 21737864 | 2-7738596 | 2.7739326 [2.774057 [2.774788 
595 | 27745170 2.74859 | 2.7746629 | 2.7747359 | 2.7748088 
596 2.7752463 | 2.7753191 | 2.3753920 2.754648 | 2-7755376 
597 2.7759743 | 2-7762471 | 2.776119$ | 2.7761925 2.762652 
59S | 2.7767012 Sa 7767738 | 2.7768464 | 2.7769190 | 2.7769916 
599 2 7774268 ) 2. 7774993 | 27775718 | 2.7776443 | 2.777167 


_ 


CE LOT 


from 1 to 10000- 


tt 


ED | 6 7 | 8 | 9 
— ͥͤ — — — — — — — 
550 2.7497573 | 2.7408362 1 2+7429151 | 27429939 | 2.7410723 
551 | 2.7415455 | 2-7416243 [274717030 | 274179017 | 2.7418604 
352 | 27423323 | 2-7424109 | 27424595 2.742568» | 2.7426466 
553 2,7431176 | 27431961 | 2-7432745 | 2.7433539 | 2.7434314 
554 j 27439915 | 2-7439799 2.744082 | 27441365 | 2.7442147 
555 2.744684 | 2.7447622 2.7448404 | 2.7449185 | 27449967 
556 2:7454652 | 2.7455432 | 2-7456212 | 247456992 | 2.7457772 
357 | 27462449 | 2.7463228 | 2 7464006 27464785 2.7465564 
558 2,7470232 | 2.7471009 2.7471787. | 27472564 | 2-747334t 
559 2.7478001 | 2.7478777 | 2:7479553 2.7450329 |} 2.7481105 
569 2:7485756 | 2.7486531 | 27487306 | 2.7488080 | 2.7488854 - 
561 | 2.7493498 | 2.749427! | 2:7495944 2.749 5817 | 2.7496590 
562 2.7 501225 | 2,75901997 2.7502769 2,7503541 { 2.7504312 
563 2.7 508939 | 2.75097 0 2.7 510480 27511251 | 2.7512021 
564 2.7516639 | 2.757409 27518178 2.7518947 | 2.7519716- 
565 | 27524326 | 2.7525994 | 2-7525862 | 2.7526629 | 2.752739? 
566 | 27531999 | 2.7532766 | 2-7533532 | 2.754298 2.7535265 
567 2.7539659 | 2.754424 2-7541189 | 2-7541954 | 27542719 
563 | 2-7547305 | 2.754869 2-7548832 | 27549596 270379 
569g | 27554937 | 2.755570 2.7556462 | 2.7557224 | 2:7557987 
570 2.7562556 | 2.7563318 2.756479 2.7 564840 | 2.7565690 
571 2.7570162 | 2,7570922 | 2-7571682 | 27572441 | 2.7573291 
5122.777755 2.7578513 | 247579272 | 247535030 2.7 580788 
273 2.7585334 | 2.786991 2.7586348 | 2.7587625 288362 
574 | 2.7592900 | 2.7593656 | 2-7594412 | 2.7595168 | 247595923 
575 2.7600453 | 2.7621208 2.7621962 | 2.7602717 | 2.693471 
576 2.) 607993 | 2.7698746 | 2 76959502 | 2.7610253 | 2.7611005 
577 2.7615520 | 2.7616272 2.761 1024 | 247617775 | 2-7618527 
578 | 2.7623034 2.7623784 | 2-7624535 | 2-762528 2.7626035 
579 2.7630534 | 2.7631234 | 27632033 | 2-7632782 2.7633531 
580 2.7638022 | 2.7638770 2.7639518 | 2.7645266 | 2.7641014 
581 | 2.7645497 | 2-7646244 | 27646991 | 2.7647737 |-2-7648454 
582 | 2.7652959 | 2.7653705 | 2-7654459 | 2:7655195 | 2.765594t 
583 2.7660409 | 2.7661153 2.7661897 | 2.7662641 | 2.76633835 
584 2.7667845 | 2.7668588 2.7669331 | 27670074 2.7670816 
585 2.7675269 | 2.7676211 | 2.7676752 2.7617494 | 2.7678235 
386 2.768268 2.768342 2.763416r [2.288491 2.7685641 
587 2.769009 | 2.769818 | 2-7691557 [27692296 2.7693035 
588 2.7697465 | 2.7698203 2.7698940 | 2.769967$ | 2.7700416 
589 2.7 704838 | 2.7705575 2.77063 11 2.770048 | 2.7 707784 
590 2.7712199 | 2.7712934 | 2.771367 | 2.7714495 | 2771514 
591 2.7719547 | 27729282 | 2.7721016 [2.772175 2.7722483 
592 2.7726884 | 2-7727616 2.772$349 | 2.7729982 | 2.7729814 
593 2.7734207 f 2-7734939 2.7735670 | 2.7736492 | 27737133 
594 2.7741519 | 2.7742249 | 27742979 | 27743719 | 2:7744449 
£.7748$1$ | 2.7749547 Beth bo 27751035 | 27751734 
2.7756104 | 2.756832 | 2775756 2.7758288 | 27759016 
2.7163379 | 2-7764156 | 2.776433 | 2.7765559 2.77 66286 
2.7770642 [2.771367 | 27772993 [2772818 | 277733433 J 
2.1717892 | 2.7718616 | 2-7719342 | 2-7782965 | 2-77%0789 } 


A TABLE of Logarithms. Week 
Num PS. I 2 3 4 
600 2-7781512 | 2.7782236- | 2.3782960 [2.783683 | 2.7784407 
621 | 2.7788745 | 2.7789467 | 2-7790199 | 2.7790912 | 2,7791634 
602 2.7 795965 | 2:7796686 | 2.779740) | 2-7 7290489 2.7798850 
603 2.780317 | 2.7803893 | 2.7804613 | 2.7805333 [2.7 806053 
604 | 2.7810369 | 2.7$11088 2.7811807 | 2.7812526 | 2.7813245 
625 | 2.7817554 | 2.7818272 J 27818989 | 2.7819707 | 2.7820424 
606 2 7824726 2.782 5443 | 2.7826159 | 2.7826856 | 2.7827592 
607 | 2.7831887 | 2.7832602 2.833318 | 2-7834033 | 2.7834758 
608 2.7839036 | 2. 7839750 | 2.7 840464 | 2.7841178 | 2.7841892 
609 2.7846173 | 2.7846886 | 2.7847599 | 2.78483 122.7849024 
610 2.7853298 | 2,7854010 | 2.7854722 | 2.7855434 | 2-7856145 
. 2.7860412 | 2,7861123 | 2.7861833 | 2.7862544 | 27863254 
612 2.786514 [2.868224 2.868933 2.7 869643 2.870352 
613 2.7874605 | 2.3875313 27876021 | 2.7876730 1 2.7877438 
614 2-7881684 | 2.7882391 | 2.7883298 | 2.7883805 | 2.7884512 
615 2.7 888751 | 2.7889457 | 2.7<90163 | 2.7890869 | 2.7891575 
616 2.7895807 | 2.7896512 | 2.7897z17 | 2.7897922 | 2.7898626 
617 2.7902852 | 2.7903555 [2.794259 | 2-7994963 | 2-7905666 
618 2.7909885 | 2.7910587 | 2.7911290 | 2.7911992 | 2.7912695 
619 2.7916906 | 2.7917608 2.798309 2.7919011 | 2.7919712 
620 2.923917 [2.592461 | 2.925318 | 2.926018 | 2.926718 
621 2 7930916 | 2.7931615 | 27932314 | 2.7933013 | 2.7933712 
622 | 2.7937904 | 2.7935602 | 2.7939300 | 2.7939993 | 2.7940696 
_623 | 2-7944880 | 2.7945577 | 2:7946274 | 27946971 2.7947 668 
624 | 2-7951846 | 247952542 | 2.7953238 | 2.7953933 | 2.7954629 
625 | 2.795880 | 2.7959495 | 2 7960190 2.790884 2.7961579 
626 | 2-7965743 | 247966437 | 2-7y67131 | 2-7967824 | 2.7968517 
627 2.7972675 | 247973368 2.797406 | 2.7974753 | 27975445 
628 | 2-7979596 | 2.7980288 | 2.7980979 | 2.7981671 | 2.7982362 
629 | 2-7986506 | 27987197 | 2.7987887 2.79885) 27989467 
630 | 2.7993495 | 27994995 | 2.7994784 | 2.7995473 | 2-799616z 
631 2 80002942. 80009822. 8001670 2,800235 2. 8003046 
632 2. 80011 | 2.800858 2. 80085435 2. 8009232 | 2. 8009919 
633 2 801403 | 2. 8014723 2.801549 | 2.8016095 2. 8016781 
634 2. 8020893 2.802157) 28022262 2.802294) 2. 8023632 
635 2.80253) [2.802842 2. 8029105 2. 8029789 2. 8030472 
636 | , 28034571 | 2.8035254 | 2.8035937 | 2.8036619 | 2.8037302 
637 2.8041 394 | 28042076. | 2.80427 582.8043439 | 2.8044121 
638 2. 804820 | 2.8048887 | 2. 8049568 | 2.8050248 2. 8050929 
639 2.8055029 2.805 5688 2. 8056368 2.805 704) 2.807726 
640 2.8061 800 | 2.8062478 | 2 8063 152.8063835 | 2. 8064513 
641 2. 8068590 | 2.8069258 2. 8069935 2.870612 | 2.801290 
642 2.807 5350 | 2.8576 2.807670 2. 8077379 2.807 8055 
643 2.80821 10 | 2. 8082785 | 2.8083460 | 2.8084135 | 2.8084811 
644 2.8088859 | 2.8089533 | 2-8090207 | 2.8090881 | 2.8091555 
645 2.8095597 1 2.8096270 | 2.8096944 | 2.8097617 2. 8098290 
646 2.8102325 | 2.8102997 | 2-8103670 | 2.8104342 2.815013 
647 2.8109043 | 2.8109714 | 2-8110385 | 28111056 ; 2.8111727 
648 2.8115750 | 2.8116420 | 2.811709 2.817760 3 
DDr 


from 1 to IO0000O, 


— 2b + eee £20 EW | * 8 Wt 

600 | 2-7785130 | 2.7785853 | 2-7786576 | 2.7787299 | 2.7788022 
60x | 2-7792356 | 27783078 | 2.7793800 | 2.7794522 | 2.7795243 
602 2.7799570 | 2-7800291 | 2.780101 | 2.7801732 | 2.7802453 
603 | 2.) 80653 2.780749 2 | 2.7808212 | 2.7808931 | 2.7809650 
604 | 27813963 | 2-7814681 | 275815400 | 2.7816118 | 2.7816836 
605 2.782114t | 2.7821859y | 2.7822576 2.7823293 | 2.7824010 
606 | 2.7828308 | 2.7829024 | 2.7829740 | 2.7830455 | 27831171 
607 2.7835463 | 2.1836178 | 2.7836892 | 2.783760 | 27838321 
608 | 2.7842606 | 2.7843319 | 2.7844033 | 2.7844746 | 2.7845460 
699 | 2.7849737 | 2.7850450 | 2.7851162 | 2.7851874 | 2.7952586 
610 | 2.7856857 | 2.7857568 | 2.7858279 27858990 | 2.7859701 
611 | 2:71863965 | 2.786467 5- | 2.7865385 | 2.786595 | 2.786804 
612 2.787106t | 2.3871770 | 2.5872479 | 2.7873188 | 2.7873806 | 
613 2.7878146 | 2.7878853 | 27879561 | 2.7885269 | 2.7880976 
614 2.7885219 | 2.885926 | 2.7886632 2.7887339 | 2.7888045 
615 2.7892281 | 2.7892986 | 2.7893691 | 2.7894397 | 2.7895102 
616 2.7899331 | 2-7900035 | 2.7900739 | 2.7901444 | 2.7902148 
617 2.7906370 | 2.7997073 | 27997776 | 2.7908479 | 27909192 
618 2.7913397 | 27914099 | 2-7914801 | 2.7915503 | 2.7916205 
619 2.7920413 | 2+7921114 | 2.7921815 | 2.7922516 | 2-7923216 
620 2.7927418 | 2.7928118 | 2.7928817 | 2.7029517 | 2.7930217 

621 2.7934411 | 2-7935110 | 2.7935809 | 2 7936507 7937206 
622 | 2.7941394 | 2-7942091 | 2.7942789 | 2.794346 27944183 

_623 2.7948365 | 2-7949061 | 2.7949757 | 2.7944 | 27951150 
624 | 2-7955324 | 2.7956020 | 2.7956715 | 2.7957410 | 2.795815 
625 | 2-7962273 | 2.7962967 | 2.7963662 | 2.7964356 | 2.7965249 | 
626 2.969211 | 2.7969904 | 2.7970597 | 2.7971290 | 2.7971983 
627 2.7976137 | 2.7976829 | 2.7977521 | 2.7978213 27978905 
628 | 2.7983053 | 2.7983744 | 2-7984435 | 2 7985125 7985816 
629 | 2.7989957 | 2-7992647 | 2 7991337 | 2.7994227 | 2-7992716 | 
630 2.7996851 | 2.7997 549 | 2.7998228 | 2.7998917 | 2-7999605 | 
631 2.8003733 | 2,8004421 | 2.8005109 | 2.8005796 | 2. 8006484 
632 2. 8010605 | 2.801 (292 | 2.801197$ | 2.8012665 | 2.8013351 } 
633 | 2-8017466 | 2.8018152 | 2.8018837 | 2.8019522 | 2.8020207 | 
634 2.8024316 | 2,8025001 | 2.8025685 | 2.8026369 | 2-8027053 | 
635 2. 8031155 | 2.8031839 | 2.8032522 | 2.8033205 | 2 8033888 
636 | ,2-8537984 2-803 8666 28039348 | 2.84003 2.804712 

ö 637 2. 8044802 2. 80454832 8046 164%] 2. 8046845 | 28047526 
38 2.805 1609 | 2.895 2289 2.805 2969 | 2. 8053649 | 2.8054329 | 
639 2.805 8405 | 2. 8059085 | 2.8059763 | 2.8060442 280611212 
640 2.8065 191 | 2.8265869 | 2.8066547 2. S067225 2.806793 
641 2 8031967 2.872644 | 2.8073 320 | 2.807399) 28074674 
642 2.807831 [2.807940 2.808083 | 2 8080759 | 2.8081434 

| 643 2.8085485 | 2.8086160 | 2.8086835 | 2.8087510 | 2.8088154 
644 2.8092229 | 2.892903 | 2.8093577 | 2.8094250 | 2.8094934 
645 | 2.8098962 | 2.8099635 | 2.8100308 | 2.5 100980 2 8101653 
646 2.8105685 | 2.8106357 | 2.8107029 | 2.8107700 | 2.8108371 
647 2 8112398 | 2.8113068 | 2.8113739 | 2.81 14499 2.81150 
648 2. 8119100 [2.8119769 | 2.8120439 | 2.312110 28121778 
640 2.812579 2.8 126460 | 2.8127129 | 2.427797 | 28128465 


— 


v SLAL A * * > 
* 


A TABLE of Logarithms. 


_ 


Num. O 34A | 
650 2.8129134 | -2.3129802 
651 2.8135810 [ 2.813647) 

652 2.8142476 | 2.8143 142 
653 2.8149132 | 2.8149797 
654 | 2.8155777 | 2-8156441 
655 2.8162413 | 2.8163076 
656 2 8169038 2.8169700 
657 2.8175654 | 2.8176315 
658 2.8182259 | 2.8182919 
659 2.8188854 | 2.8189513 
660 2.8195439 | 2.8196097 
661 | 2.8202015 | 2.8202672 
662 2.8208580 | 2.8209236 
663 2.8215135 | 2.8215790 
664 2.822 1681 | 2.8222335 
665 2. 8228216 | 2.8228869 
666 2.8234742 | 2.8235394 
667 2.8241258 | 2.8241909 
668 2.8247765 | 2.8248415 
669 2.8254261 | 2-8254910 
670 2.8260748 | 2.8261396 
671 2 8267225 | 28267872 
672 2.8273693 | 28274339 
673 2.82801 51 2.8280796 
674 2.8286599 | 2 8287243 
675 2.8293938 | 2.8293681 
676 2.8299467 | 2.8300109 
677 2.8305887 | 2.8306528 
678 2.8312297 '| 2.8312937 
679 2.8318698 | 2.8319337 
680 2.8325089 | 2.8325728 
681 2.833141 | 2.8332109 
682 2.8337844 | 2.8338480 
683 2 8344207 | 2.8344843 
684 2.83 50561 | 2:3351196 
685 | 28356906 | 28357540 
686 | 28363241 | 2.8363874 
687 2.8369567 | 2.8990199 
688 2.8375884 | 2.8376516 
689 | 28382192 | 2.8382822 
690 2.8388491 | 2.8389120 
691 | 2.8394780 | 2.8395409 
692 2.8401061 | 2.8401688 
693 | 2-8407332 | 2-8407959 
694 2.8413595 | 2.8414225 
695 {4 2-8419848 | 2.8420473 
696 | 2.8426092 | 2.8426716 
697 2.8422328 |. 2.8432951 
698 } 2-8438554 | 2.8439176 


| 
1 


2 


2.8130470 
2.8137144 | 


2.8143 08 
2. 8150462 
28157105 
2.8163739 
28170362 
2.8176976 
2. 8183579 
2.8190172 
2.896755 
2.8203 328 


2. 8209892 
2 8216445 
2. 8222989 
2. 8229522 
2. 8236046 
2.8242 560 
2. 8249065 
2.8255559 
2.8262044 
2.8268519 
2.8274985 
2.8238144.1 
2.8287887 
28294324 
2.83007 52 
2.8307 169 
2.8313578 
2.8319977 
2.8326366 
2.8332746 
2.8339117 
2.8345479 
2.8351831 
2.8358174 


2.83 64507 


2. 8370832 
2.837714) 
2.8383453 
2 8389750 
2.839603 
2. 8402316 
2. 8408586 
2. 8414846 
2. 8421098 
2.8427 340 
2-3433574 
2.8439798 


HE Es Bree EL.» 
2.8131138 | 2.8131805 
2.8137811 | 2.81538458 
2.8144474 | 28145140 
2.9151127 | 2.8151791 
2.81577 69 | 2.8158435 

2. 8164402 | 2.8165c64. 
| 2.8171024 | 2.8171686 

2.817;636 | 2.8178297 
2.8184239 | 2.8184898 
2. 8190831 | 2.819489 

| 2.8197413 | 2.819807 
2. 8203985 ] 2.8204642 

2. 8210548 2.8211203 
2.8217100 | 2.8217755 
2.8223643 | 2.8224296 
2.8230175 | 2.8230828 
2.82536698 | 2.8237350 
2.8243211 | 2.8243862 
2.8249715 | 2.8250364 
2.8256208 | 2.8256857 
2.8262692 | 2.8263340 
2.8269166 | 2.8269813 
2.8275631 | 2.8276277 
2.82 82086 | 2.8282731 
2.8288532 | 2.8289176 
2.8294967 | 2.8295611 
2+$301394 | 2.58302036 
2.8307811 | 2.8305452 
2.8314218 | 2.8314858 
2.8320616 | 2.8321255 
2.832705 | 2.8327643 
2.8333384 | 2.8334021 
2.8339754 | 2-8340390 
2.8346114 | 2.8346750 
2.8352465 | £.8353100 
2.8358807 , 2.8359441 
2.8365140 2.5365773 
2.837146 2.8372095 
2.8377778 | 2.837840g 
2.8384083 | :2.8384713 
-2.8390379 | 2.8391008 
2. 8396666 | 2.8397294 
2.8402943 | 2.8403571 
2.8409212 | 2.8409838 
2.8415472' | 2.8416097 
2.8421722 | 2.8422347 
2.8427964 | 2.8428588 
28434197 | 2-8434819 
2.8440420 | 2.8441042 
1 


f 


| -699 | 2.84447 72 2.8445393 2.8446014 


— 


1 n "Way; 
2.8132473 | 2.8133141. | 2-3133808 [ 2.8134475 | 28135143 
2.8139144 | 2.8139811 | 2-3140477 2.8141144 | 2.8141810 
2.8145805 | 2 $146471 2.8147136 | 2:3147801 | 2.814846; 
2.8152456 | 2-8153120 | 2.5153785 | 2.5154449 | 28155113 
2.8159096 | 2.8159760 | 28160423 | 2.816108; | 2.8161750 
2.8165727 | 2.8166389 | 2.8167052 | 2.8167714 | 2.$8168376 
2.8172347 2.817 3009 | 2.8173670 | 2.5174331 | 2-$174993 
2.8178958 | 2.8179618 | 2.8180278 | 2.918:939 | 2 $181599 
2.8185558 | 2.8186217 | 2.8186877 | 28187536 | 2.$188195 
28192148 2.8192806 | 2.8193465 {| 2.8194123 | 2.81947$1 
2.$195728 | 2.8195386 | 2.®*200043 | 2.8200700 | 2.82013 57 
2.* 208298 2 $225955 2.820661] 2:8207268 | 2.8207924 
2.8211859 | 28212514] 2.8213170 | 28213825 | 2-8214450 | 
2 8218409 |! 2 $219064 | 2.8219718 | 2:8220372 | 2.8221027 
2.82249 0 28225603 | 2.8226257 | 2.8226910 | 2.8227563 
2.8231481 | 2.82321533 | 2.8232786 | 2.233438 | 2.8234090 
2.8238002 | 2. 238653 | 2.8239305 | 2-8239956 | 2.9240607 
2.8244513 | 2.3245163. | 2.8245814 | 2-$246464 | 2.8247114 
2.8251014 | 2-3251664 | 2.8252313 | 2.8252963 | 2.8253612 
2.8257 506 | 2-8258154 | 2.8258803 | 2:8259451 |. 2-8260100 
2.826398 | 2.5264635 | 2.8265283 | 2.8:65931 | 2 8266578 
2.8270460 | 2-8271107 | 2.8271753 | 2.827400 | 2.8273046 - 
2.8276923 | 28277569 | 2.8278214 | 2.8278860 | 2.827950 
2.8283376 | 2-8284021 | 2.8284665 | 2.8285310 | 2-8285955 
2.8289820 | 2.8290463 | 2.8291107 | 2.8291751 | 2.8292394 
2.8296254 | 2-8296896 | 2.8297539 | 2.$8298182 | 2.8298824 
2.8302678 | 2-3303320 | 2.8303962 | 2.8304604 | 2.8305245 
2 $309093 | 2-8309734 | 2.8310375 | 2-8311016 | 2.8311656 
2.8315499 | 2-3316139 | 2.8316778 | 2.8317418 | 2.83 18058 
2.832195 | 2322534 | 2 $323173 2.8323812 | 2.8324450 
2.8328281 | 2.8328919 | 2.8329558 | 2.8330195 | 2.8330833 
2.8334659 | 2.8335296 | 2.8335933 | 28336570 | 2-$337207 
2.8341027 | 2.8341663 [ 2.8342299 | 2.8342935 | 2-$343571 
2.8347385 | 2.8348021 | 2.8348656 |; 2.8349291 | 2 8349926 
2-8353735 | 2-3354369 | 28355003 2.8355638 | 2-5356272 
2.8360075 | 2.8360708 | 2.8361341 | 28361975 | 2-$3626c8$ 
2.8366405 2.8367038 2 $367670 2.8365303 | 2-8368935 
2.5372727 | 2.8373359 | 28373990 | 28374622 | 2-8375253 
2.8379039 | 2.8379670 | 2.8380301 | 2.8380931 | 2.8381562 
2.8385343 | 2.8385973 | 2.8386602 | 2.8387232 | 2.8387861 
2.8391637 | 2-839:266 | 2.8392895 | 2.8393523 | 2-8394152 
2.8397922 | 2.8398550 | 2.8399178 | 2.8399806 | 2-8400433 
2.8404198 | 2.8404825 | 2845452 | 2 8406079 | 2.8406706 
2.8410465. | 2-8411091 | 2.8411717 | 2-$412343 | 2.8412969 
2.8416723 | 2-8417348 | 28417973 | 28418398 | 2.8419223 
2.8422971 | 2.8423596 | 28424220 | 2-8424844 | 2 8425468 
2.8429211 | 2.8429835 | 2.8430458 | 2.8431081 [2.831705 
2.8435442 | 2.8436265 | 2.8436687 | 2.8437310 | 2.8437932 
2.8441664 | 2.8442286 | 2.8442907 | 2.8443529 2.84441 50 
2.8447877 | 2.8448498 | 2.8449119 ! 2.8449739 | 28450360 


+ 


i. 


| A TABLE of Logarithms. 
Num. d ql E e eee e 
2.8451601 | 2 8453461 
2.8450980 | 28451601 | 2.8452221 2.8452841 2.84534 
751 28457180 2.8457 800 | 2 8458419 | 2.8459038 28459658 
702 | 2.8463371 [ 2-8463990 ny fe re 2 8465227 $9455 45 
| 703 | 28469553 | 28470171 | 2.8450789 2 8471406 | 3970004 
704 | 2.847572) | 28416343 284) | 2.847757 | 42078193 
1705 | 28481891 | 28482507 | 2.8483123 | 2.84837 39 | 2-8484355 
706 2.8488047 2.8488662 | 2.848927 7 2.8481892 1448857 
707 | 2.8494194 | 28494808 2. 8495423 2.849603 175 St 
708 | 2 $500333 | 2:85c0946 | 28501559 | 2.8502172 * . 
709 ] 2.8506462 | 2.850705 2.850768) 22 BR 9 8 
710 2.8512583 | 2:8513195 | 2.8515807 773 1 
711 2.8518696 | 2.8519307 | 2.8519917 | 2.852052 2 39 
| . 2.8526629 | 2.852723 
I2 2.5524800 2.8525410 | 2.8526020 | 2.85 
| 4 | 1 2.8531 504 28532113 ENG 2533474 
714 2.8536982 | 2.8537590 [2.8538 198 | 2.853 07 | 1 af 
715 2.8543060 | 2.8543668 | 2.8544275 | 2.8544882 2 25454 4 
716 | 2.8549130 | 2.854973) | 2 8550343 28555959 8 
717 2.85 55192 .| 2-8555797 | 2:8556403 | 2.855700 875766 
718 2. 8561244 2.8561849 | 2.8562454 | 2-8563059 15765 63 
719 | 2.8567289 | 28567893 | 2.8568497 135801 29 56 
o 22ers | egerg 
72l | 2.8579353 | 28779955 2.8580 oh ht 3 Boba 
22 2.8585372 | 2.85585973 | 2.8586575 | 2.858717 
— ky 4 2.8591984 28592584 | 2.8593185 2.8593785 
724 17386 | 28597985 | 28598585 28599185 28599784 
— 145325 - 857555 2. 8604578 | 2.8625177 [28605776 
{LI 128 * 86 62 28611165⁰[2.8611758 
726 | 2.8609366- | 2.8659964 | 2.86105 
FBF 
22 1% 42 862846) 2 8629062 2. 8629658 
72 28627275 | 2.8627871 : 2. 2846 9 . 
750 ae e | 286418 | 28635013 | 3 86365 
131 | 2.8639174 [286397 2 1 864683 | 28647285 
732 9645111 | 2.86457 042.8646297 468, 
72 | eee | 289163 | +a. e | 20065 
(CHRIS eo re noch bro ber 
; 2.866287 86634 . P 
736 2.866878 28669368 | 2 8669958 | 2 8670548 E 
T 
70 2 f 86876 o 2.868820 | 2.86887 94 
739 | 2,8686444 | 2.8687032 | 2.868762 
W8 | 22g | er toons | age oro 
* nr nee Weed 8705210 28706794 2 8706380 
742 | 2.8704039 | 2 8104624 | 2.8705 7 . 
43 2.8709888 *| 28710473 | 2.8711057 2 ie wr 
744 2.8715729 | 2 13725 1170 2.87 23894 
32 En 1.08 2.8728 9729134 2.872976 
a 727 . 7 . 552 2.8729 3 
749 ap Laid Shanks 1 2.8: 6 87 of 2.8735531 
1 2.87225 8734369 | 2.873495 
747 [2.8733 206 [ 28733787 195 e 
N 7 87 7 2.874017] 2.874075) 140350 
748 | 2.8739016 | 2.873959 2 * [7 140148 i 
| | . 8744818 | 2.8-45398 1 2 8:459783 [ 
149 20/ 


+ 


— — —— 1 
1 from 1 to 10000. | 
Num. 4 66. e BW3S 7 AT 9 
709 | 28454981 | 2.8454701 48477321 | 2.845594 | 28456561 | 
70I 2 8460277 | 2.8460896 | 2.8461515 | 2.8462134 | 2.8462752 | 
702 | 28466463 | 2.8467081 22467700 2.8468318 | 2.846935 - 
703 2.8472641 | 2.8473258 | 2.473876 | 2.8474493 | 28475110 
724 2.8478810 | 2.8479426 | 2 8480043 | 2.8480659' | 2.8481275 
705 2.8484979 | 2.8485586 | 2 8486263 2.848681 7 3457435 
706 2.8491122 | 2.8491736 | 2.3492351 2.492965 | 2.84935 
707 2. 8497264 2.8497$78 2.849849 2 2. 4991c6 | 2.8499719 
708 | 2.850339y 2.8 504011 | 2.850 4624 2.850237 | 2.8505850 
709 2 8509524 28510136 | 2.851748 2.8511360 | 2:8511972 
712. | 2.851564t | 2.8516252 | 2-8516863 | 2.8517474- | 2:8518985 
711 2.821749 2 8522359 | 2.5522979 2.8523580 = 
7122885278490 8528458 2.85 29068 | 2.8529677 2.85302 
713 2533940 28534548 | 2-5535157 | 2.8535765 13535277 
714 2. 854002228 540630 2.8541238 2.8741845 2 079-46 
715 | 2-8546096 285467 || 28547319 | 2.8547917 | 2.854 $24 
716 2 8552162 | 2.8552768 | 2.8553374 | 2.8553980 2.25545 
717 2.8558219 | 2.8558824 | 28559429 | 28569035 pode 
718 2.8564268 | 2.8564872 | 2-5565476 2.8566 581 "I 35 
719 2.8570308 | 2-8570912 2. 8571515 | 2.8572118 2222 
720 | 28576340 | 28576943 28577547 [28578148 | 2 3578750 
721 2.8582363 | 2.8582965 | 2.8583567 | 2.8584169 wy 4770 
722 2.8588379 | 2.8588980 | 2.8589581 | 2. 8590181 229 
723 2.8594385 2.89498 | 2-5595586 jor 2 5 
724 2.86003 84 8 2. 8600983 2. 8601583 | 2. 8602182 [2.86027 
= 2. 80063 — 2.8606973 | 2.867571 2.86581 70 1 68 
726 2.86 12356 [2.86 12954 | 2.8613552 | 2.8614149 22 4747 
727 2 8618330 | 2.8618927 | 28619524 2.3622120 8 | 
728 2.8624296 | 2.8624892 | 2-8625488 | 2.862604 2 > o f 
729 2.8630253 | 28630848 | 2 8631443 | 2.8632039 mp 34 | 
730 2.863 6202 | 2.863679 | 2-8637391 | 2.8637955 _ 5 
731 | 2.8624143 | 2.8642737 | 2-3643331 | 28643924 <3 16h, 
732 2.8648076 | 2.864$8669 | 2.3649262 | 2.8649855 2.650447 
733 2.8654001 | 2.8654593 | 2-5655185 — 75 77 a 69 
734 2-$659918 | 2.8660509 | 2-8661100 [= 661691 vo 
735 2.8665827 | 2.8666417 | 2-8665008 2 8667798 * oy 
736 | 28671728 2.867231) | 2 8672907 28658485 2867575 
2677620 [28678209 2 867 18798 | 2 679387 | 2807997 
738 2.8683 505 | 2.86$4093 | 2 8664681 2. 22 . _ 7 
739 2.86893$2 | 2.8689969 | 2.8695556 | 2-5691143 — — 
749 2.8695251 | 2.3695837 | 2.8096423 Id = 99759 
741 2.$701112 2.870169) [28702283 An — 3454 
742 2.8 706965 2.8707549 28708134 — 719! 0.01093 - 
7. | - 28712810 |2:3713394 2.8713978 | 2-8714562 — 5 
2.87 18647 2.8719230 | 2-8719814 | 28720397 1 
2.824476 [8725059 2.872041 2.872624 2 7 2 
2.830298 2. 8730880 | 287314602 | 28732043 df > 45 
| 2.8 736112 | 2.8736693 | 2.8737274 J2.8737855 | 2.873 135 
| 2.8741918 , 8742498 ; 2.8743078 | 2.8743658 2 2.8744 5 
| 2,8747716 g 2. — — 2.8749454 2225 


A TABLE of Logarithms. 


1 „ 


> Ou + 


2.87 50613 


-2.87 56399 


2.8762178 
2.8767950 


2.873713 
2.87 79470 


2.8795218 
2.8790959 
2 $796692 
2.8802418 
2.8858136 
2.881 3847 
2-5d19550 
2.8825245 
2.8830934 
2.8836614 
2.8842268 
2.8847954 
2.8853612 
2.8859263 
2.8864907 


2.8870544 * 


2.8876173 
2.8881 795 
2. 88 87410 
2.889 301) 
2.889861 


2. 8904210 


2. 8909796 
28915375 
2.8 920946 
2.892650 


2.893 2068 


2. 8937618 
20942 161 
2.894869 


2.8954225 
2-3959748 
2.8965262 
2.89700 
2. 8976271 


28981765 
2. 8987252 
2.8992732 


2. 8998205 
2. 9003671 
2.9009131 . 
2.914583 
2:99200a9 . 


799 21 ©2992 3468 „ 


8 


— 


1 


28751192 
2.8756978 
2.8762756 
2.87 68526 
2.87 74289 
2.87$5045 
2.87$5792 
2.8791532 
2.8797265 
2.8802990 
2:8808707 


* 2.8814417 


2.8320120 


2.8825815 


2.883 1502 
2.8837182 
2.884285 5 
2.8848 520 
2.8854178 
2.88 59828 


2. 8865471 


2.8871107 
2.8876736 
2.888235 
2.8887971 
2-8893577 
2.8899177 
2.8904 769 


2.89103 54 


2.3915932 
2. 8921 503 
2. 8927066 
2.893 2623 
28938172 
2-39 43715 
2.8949250 
2.8960299 
2.8965813 
2.8971320 


2.89 76821 | 


2:8982314. 


2.8987 800 | 


28993279 
2.8998 752 
2. 9004218 


2. 9009676 
2. 9015128 
2. 9020573 


Se 2.9927998 2.902764 


* 


| 


2 


-2-8751771 


2.8757556 
2.38763333, 
2.8769103 
2.87 74865 
2.8780620 
2.8786367 
2.87 92106 
2.8797838 
2.8803 562 
2. 8809279 
2. 8814988 


2. 8820689 
28826384 
2 8832070 
2.88377 50 
2 8843421 
2.8849086 
2.8854743 
2.3860393 
2-8866035 
2.8871679 
2.887 7298 
2.8882918- 


2.8894138 


2.8899736 


2.8905528 
2.8910912 
2.891648g 
2.8922059 
2. 8927622 
2. 8933178 
28938727 
2. 8944268 
2. 8949803 


28955330 


2 8960851 
2. 8966364 
2.8971871 
2.8977370 
2.8982863 
2. 98 8348 
2.899382 
2.8999299 
2. 9004764 


2. 9010222 


2.901 5673 
2. 9021117 


— 

| | b 
28752349 | 2.87 52928 
28758134 | 2:8758712 
2.8763911 | 2.8764488 
2.87 69680 | 2.8770256 
2.87 75441 | 2.8776017 
2.8781195 | 2-8781770 
2.37 86941 | 2:8787515 
2.3792680 | 2,8793253 
2.87984.11 | 2.8798983 
2.8804134 | 2.8804706 
2.8809850 | 2.88104z1 
2.8815558 | 2.8816129 
2.8821259 | 2.8821829 
2.8826953 | 2.8827522 
2.8832639 | 2.8833207 
2.8838317 | 2.8838885 
2.8843988 | 2.8844555 
2.8849652 | 2.8850215 
2.8855308 | 2.8855874 
2.8860957 | 2.8861522 
2.8866599 | 2.8867163 
2.8872233 | 2 8872796 
2.8877869"]| 2.8878423 
2. 8883480 | 2.8884042 
2. 8889993 2.8889653 
2. 8894698 2 8895258 
28900296] 2. 8900855 
2. 8905887 |. 2 8906445 
2. 8911470 [2.8912028 
2.891704 | 2.8917604 
2.8922616 | 2.8923173 
2.8928178 | 2.8928734 
2 $933733 | 2-3934288 
2 8939281 | 2.8939836 
2.8944822 | 2.8945376 
2.8950356 | 2-8950909 
2 8955883 | 28956435 
2.8961403 | 2 8961954, 
2.8966915 | 28967466 
2.897-2421 | 2-8972971 
2.8977920 | 28978469 
2.8983412 | 2:3983960 
2.8988897 [28989445 
28994375 | 2-5994922 
2-8999846 | 2. 9000392 
2. 90053 102.9005 856 
29010767 29011373 
29016218 2.9016762 
2. 956 29022205 


p ˙ wümäÄ N . ER_z 


from 1 to 10000. 
6 7 3 4 
2.875350 | 2.8754086 | 2-57 54664 | 2-5755243 | 2.8755881 
2.8759290 | 2 8759868 | 2,.3762446 | 2.8761023 2.8761 681 
2.87 65065 | 2.8765642 | 2-8766219 | 23766796 | 2.8767373 
2.87 70833 | 2-8771409 | 2-$771985 | 2.877256t | 28773137 
2.8776592 | 2-8777168 | 2.8777743 | 28773319 | 2.8778894 
2.8782345 | 2.8782919 | 2.8783494 | 2.8784069 | 28784643 
' - 2.8788089 [2.878863 2-8789237 | 2.8789811 -| 2.8790385 
2.8793826 | 2.8794400 | 28794973] 28795546 | 2.8796119 
2.8799556 | 2.88-0128 | 2.8800701 | 2.8801273 | 2.8801846 
2.8805278 | 2.8805859 | 2.8806421 | 2.8806993 | 2.5807 564 
2.88 10992 | 2.881156z | 2-8812134 | 2.8812705 | 2.8813276 
2 8816699 |.2.8817269 2.881784 |} 2.88124r0 [28818980 
2.8822398 | 2.8822968 | 2.38823537 | 2-8824107 [|-2.8824676 
2.8828090 | 2.5828659 | 2.3829228 J 2.8829797 | 2-8830365 
2.8833775 | 2.88343 432-8834911 2.883 5479 | 2.8836047 
2.8839452 | 2.8840019 | 2.8840586.| 2.8841154 [28841721 
2.8845122 | 2.8845688 .| 2.8846255 | 2-8846$21 | 2.884738) 
2.88 5084] 23851350 ,| 2-8851915 | 2.88524$1 | 2.8853047 
2.8856439 | 2.8857004 |" 2.8857369 | 2.8858134 | -2-8858699 
2.8862086 | 2.8862651 | 2.8863215-| 2.8863779 | 2-8864343 
2.8867726 | 2-8868290 | 2.8868854 | 2.8869417 | 2.8869980 
2.8873359 | 28873922 ,| 2-8874485 | 2.887 5043 | 2.8875610 
2.3878985 | 2.8879547 | 2.8880109-} 2.8880671 | -2+8881233 
2.888403 2.3885165 | 2.8885726 | 28886287 | 2:3886848 
2.8890214 | 2.8890775 | 2.8891336 | 2.8891896 | 2-8892457 
2.8895818 | 2.8896378 [28896938 [ 2.8897498 | 2-8598058 
2.8901415 || 2-8901y74 | 2 8902533 2.890302 [ 2.8903651 
2.8997004 | 2-8907563 | 2.8908121 | 2.8908679 | 28909238 
- 2.89125$6 | 2.8913144 | 2.8913702 | 2-8914259 | 2.£914817 
2.8918161 | 2.8918718 | 2-8919275 | 2-8919832 | 2.8920389 
2.8923729 | 2.5924285 | 2.8924842 | 2.3925398 [ 28925954 
2.8929290 | 2-8929846 | 2.8930401 | 2.8930957 | 2.8931512 
2.8934843 | 25935398 20935953 - 2.8936508 | 2.893 7063 
2.8940390 | 2. 8940944 | 2.89414y8 | 2.8942053 | 2.8942607 
2.8945929 | 25946483 | 2-8947037 | 2-9947590 | 2.8948143 
2.8951462 | 25952015 | 2.8952568 | 2.9953120 [ 2.8953673 
2.8956987 | 2-8957539 | 2-8958092 | 2.3958644 1 2.8959195 
2.8962506 | 2.8963057 | 2-8963608 | 2:5964160 2-8964711 
2.8968017 | 2.8968 568 | 2-896911$8 | 2.8969669 | 2-8970220 
2.8973521 | 2-8974071 | 28974621 | 2-8975171 |, 2-8975721 
2.89 79019 | 2.8979568 | 2.8980117 | 2.898066) | 2:8981216 
2.8984509 | 2-8985058 | 2.8985606 | 2.5986155 [ 28986703 
2.89 89993 | 2-8990541 | 2-899108g | 2.8991636 | 2-5992184 
2.8995469 | 2-8y96017 | 2-5996564 | 2.8997111 | 28997658 
2. 900939 | 2.9001486 | 2-9002232 2. 9002579 | 2 9003125 | 
a. 9006402 | 2.9006948 | 2.9007494 | 2:9008039 | 2.9008585 ' 
2.9011858 | 2-9012403 |} 2-9012948 | 2.9013493 | 2.9014038 
2.9917307 | 2.9017851 | 2.9918596 | 2.9018940 | 29019483 
2.9922749 | 29523293 | 2.9023837 | 2.9024381 | 2.9024924 
2.9028185 | 2.9028728 [ 290292711 [29029814 "1 2:9039357 ©} 


A TABLE of Logarithms 


— 


Num O l 2 3 
Soo 2. 903090 2.903 443 2 9031985 | 2.9032528 
801 2. 9036325 2.903686) 29037409 | 2.9037951 
802 [2.9041 74429042285 2.904227 | 2.9043368 
803 | 2.9247155 | 2.9047696 | 2.9048237 | 29048778 
804 2.9952560 | 2.9053101 | 2.9053641 | 29054181 
805 | 2.9057959 | 2.9058495 | 2.905903S | 29059577 
806 2 9063350 | 2.9063889 | 2.9064428 2.906496 
857 2.9063735 | 2.9069273 | 2.9069812 | 2.90703 50 
808 2. 9074114 | 2.904651 | 2. 9075188 | 2. 9075726 
809 2. 9079485 [ 2.9080022 | 2. 9080552 | 2-9081095 
810 [2.90848 50 | 2.908 5386 [2.90859 222.9086458 

811 2.,9090209 2. 9090744 | 2.991279 2.9091815 
812 [2.909556 | 2.9096095 2. 9096630 2.997165 
813 2.9 100905 | 2.9101440 | 2 9101974 29102508 
814 2.9 106244 | 2.9106778 | 2.9107311 | 2.917844 
815 2.9111576 | 2.9112109 | 2.9112642 | 2.9113174 
816 2.9116992 | 2.9117434 | 2.-9117966 | 2.9118498 
817 2.9122221 | 2.9122752 | 2.9123284 29123815 
818 2.9127533 [29128064 | 2.912*%595 | 2.9129126 
819 | 2.9132839 [29133369 2-9133899 | 2-9134430 
$20 2.9138139 | 2.9138668 | 2.9139198 | 2.9139727 
821 2 9143432 | 2.9143961 | 2.9144489 | 29145018 
$22 | 2.9148718 | 2.9149246 | 2.9149775 | 2-9150373 

3823 | 2.9153998 | 2.9154526 | 2-9155054 | 2:9155581 
824 2.9159272 | 29159799 |22.9160326 | 29160853 
825 2.9164539 | 29165066 | 29165592 29166118 
826 2.9169800 [ 2.9170326 | 2.9170852 29171378 
827 29175055 | 2.9175580 | 2.9176105 | 2.9176630 
828 | 29180303 | 2.9189328 | 2.9181352 | 2-9181877 
829 2.9185545 29186069 | 2.9186593 |-2-9187117 

830 2.,9190781 | 2.9191304 | 2.9191827 | 2.9192350 
831 2 9196010 | 2.9196533 | 2.9i97055 | 2.9197578 
832 2.9201233 | 2.9221755 | 2.9202277 | 2.9202799 
833 2 9206450 | 2.9206971 | 2.9207493 | 2-9208014 | 
834 2.921166 | 2.921218 | 2.9212702 | 29213222 

835 2.9216865 | 2.922735 | 2.9212905 | 2-9218425 
$36 2.9222063 | 2 9222582 | 2.9222102 | 2.9223621 
837 2.9227255 | 2.9227773 | 2.9228292 | 2.9228811 
838 | 2-9232440 | 2.9232958 | 2.9233477 29233995 
839 2.9237620 | 2.9235137 | 2.9238655 | 2.9239172 

$40 2.9242793 | 2.9243310 | 2 9243827 | 2.9244344 
841 2. 9247960 | 2.4248476 | 2. 9248993 2.9249509 

842 29253121 | 2.925363) | 2-9254152 | 9254668 
$43 [ 2-9258276 | 2.9258791 | 2.9259306 | 2.9259821 
844 | 2-9263424 | 2.9263939 | 2-9264453 | 2 9264968 
845 2.926856 | 2.9269081 | 2. 9269595 [2.970109 
846 | 2.9273 7042.927421) | 2.9274730 | 2.927543 
847 | 2.9278834 | 2.9:79347 | 2.9279859 | 2. 9280372 

1 5265959 | 2.928447 2.9284983 | 2.92 5495 

886073 -! 2, > , J 
p £49 29.8077 — PILNLYOLESS SPST 


— 


ene 
2.903 3071 
2. 9038493 


2 9043909 
2. 9049318 


2. 9054721 

2.90601 16 
2. 9065505 

2.907088 

2 9067263 

29081632 
2 9086994 
2.909235 
2. 9097699 
2. 9103042 
29108378 
29213707 
2.911930 
2.912434 


2.9129656 


2. 9134960 
2. 9140257 
29145747 
2.9150831 
2,9156109 
2.9161380 
2.9166645 . 
2.91 71903 
2.9177155 
2. 9182401 
2.9187640 
2.9192873 
2.9198 100 
2.9203321 


29208735 


2.9213743 
2.9218945 
2.924140 
2.9229330 
2.923413 
2. 9239690 
2. 9244860 
2. 9250025 
2.9255184 
2. 9260336 
2. 9265482 
2.970622 
2.9275757 
2. 9280885 
2. 9286007 


2 5290611 2.929113 


EI 


from 1 to 10000. 


8 


| 
6 
| 


5 TTT 
2.9033613 | 2.90341 562.9934698 2.903 5241 | 2.9085783 
2. 9039035 | 2.903957 [2.940119 2.904066 2.9041 202 
2. 9044450 | 2. 9044992 290455332. 946074 | 2.9046615 
2. 90498 59 | 2. 9050399 2.950940 2.905 1480 | 2.905202 
2.905 5260 | 2.9055 800 2. 9056340 | 2.906889 2. 9057419 
2.906065 5 | 2.9061195 | 2-9061734-| 2.9962273 | 2-9262812 
2.9066044 | 2.9066582 | 2-9067121 | 2.9067659 | 2.9068197 
2.907 1425 | 2-9071963 | 2 9072501 | 29073038 | 2.9073576 
2.90 76800 | 2.9077337 [29077874 | 2-9078411 | 2.9078948 
2. 9082169 ] 2.908270 | 2-9083241 | 2.9083773 | 2.9084;14 
2.9987530 | 2.9088056 | 2. 9088602 | 2.9089137 | 2.908967 3 
2.9092835 | 2.9093420 | 2-9993955 | 2-9094490 | 2.9095025 
2.9098234 | 2.9098768 | 2.999302 | 29099837 | 2.9100371 
2.9103576 | 2.9104109 | 2.9104643 | 2.9105177 '| 2-9105710 
2 9108911 | 2-9109444 | 29109977 | 2.910510 | 2.9111043 
2.9114240 | 2.9114772 | 2.9115305 | 2.9115837 | 29116369 
2.9119562 | 2.9120094 | 2 9120626 | 2.9121157 | 2.912i6$g9 
2.912478 2.912549 | 2-9125940 | 29126471 | 2.9127002 
2.9130187 | 2.9130717 | 2.9131248 | 2.9131778 | 2-91323cg 
2 9135490 | 2.9136019 | 2.9136549 | 2.9137079 | 2-9137609 
2.9140786 | 29141315 | 2-9141844 | 2.9142373 | 29142903 
2.9146076 | 2.9146604 | 2.9147133 | 2-9147661 2.9148190 
2.9151359 | 2.9151887 | 2.9152415 | 2.9152943 | 29153471 
2.9156636 | 2.9157163 | 2.9157691 | 2.9158218 | 29158745 | 
2.9161907 | 29162433 | 2.9162960 | 2.9163487 | 2.9164013 
2.9167171 | 2.9167697 | 29168223 | 2.9168749 | 29169275 
2.9172429 | 2-9172954 | 2 9173479 | 2.9174005 | 29174530 
2.91 77680 | 2.9178205 | 2.9178730 | 2.9179254 | 2-9179779 
2.9182925 | 2.9183449 | 2.9183973 29184497 | 2.915502 
-2.9188164 | 2.9188687 | 2-9189211 | 2.9189734 | 2-9190258 
2.9193396 | 2.9193919 | 2.9194442 ] 2.9194965 | 2-9195488 
2.9198623 | 29199145 | 2.9199667 | 2 9200189 | 2.9200711 
2.9203842 | 2.9204364 | 2-9204886 | 2.9205407 | 2.9205929 
2.9209056 | 29209577 | 29210098 | 2.9210619 | 2.9211140 | 
2.9214263 | 29214784 | 2-9215304 | 2.9215824 | 2.9216345 
2.9219465 | 2.9219984 | 2.92-0504 | 2.9221024 | 2.9221543 
2.9224659 | 2-9225179 2.9225698 2.922 6217 | 2.9226736 
2.9229848 | 2.9230367 | 2.9230885 | 2.9231404 | 2.9231922 
2.923503 | 2.9235549 | 2-9236066 | 2.9236584 | 2.9237102 
2.9240207 | 2.9249724 E 2. 9241759] 429242276 
2.9245377 29245894 292441 | 2.9246927 | 2.9247444. | 
2.925541 | 2.9251057 | 2.9251573 | 2.9252989 | 2.9252605 
2.9255699 | 2-9256215 | 2.9256730 | 2.9257245 | 2.9257761 
2.9260851 | 2.y261366 | 2.926i9580 | 2.9262395. | 2.9262910 
2.9265997 | 2.9266511 | 2.9.67025 | 2.9267539 | 29268053 
£.9271136 | 2.9271650 [2.9 72163 | 2.9272677 | 2-9273190 
2.9276270 | 2.9276783 | 29277296 | 2.9277808 | 2.9275321 
2.9251397 | 2.9-$1909 | 2.9282422 | 2.9282934 | 29283446 
2.92865 18 | 2. 9287-3” | 2 9287542 | 2.9288054 | 2.9. 85565 
9 342.9493145 | 29292656 | 2.9293167 | 2.9293678 


— — 20 — — 


"A TABLE of Logarithms. 


oe | wee SAEY mane if. en Þ 
850 [29294189 | 2-9294700 | 29295211 | 2.9295722 | 2.929623 
$51 * 2.92.99296 2.9299806 2.93003 162.9300826 | 2.9201 336 
832 2. 9304396 2. 9304906] 2. 9305415 2.9305925 2 9306434 
853 | 2.9309490 | 2. 9309999 | 2.93108 | 2.9311017 | 2.9311526 
854 | 2.9314579 | 2-9315087 | 2.9315596 | 2.9316104 | 29316612 
855 2.9319661 | 2.9320169 | 2.9320677 | 2.9321185 | 299321692 
856 2 9324739 | 2.9325245 | 29325752 | 2.9326259 | 2.9326767 
857 29329808 2.93303 152.9330622 2.9331328 [ 2933183; 
858 [29334873 [29335379 | 29335885 | 2.9336391 | 2 933689; 
859 | 2.9339932 | 29340437 | 2-9349943 | 2.934448 | 2:9341953 
860 | 2.9344985 | 2.9345489 | 2.9345994 | 2.9346499 | 2 9347ccg, 
861 | 2.9350032 2.9359536 29351242 | 2:9351544 | 2.93 52049 
$62 | 2-9355973 | 29355576 | 2-93560*O | 2.9356584 | 2.9357087 
$63 \2.9360108 | 2.9360611 2 9361114 | 2.9361677 2.9362129 
$64 | 2-9365137 | 2-9365640 [2 9366143 | £.9366645 | 2.9367148 
865 2. 9370161 | 29370663 2.9371165 | 2.9371667 29372169 
866 [2.9375179 [ 2.937568 | 2-9376182 | 2.9376688 2.377184 
867 | 2-9380191 | 29380692 29381193 | 2.9381699 | 2.9382194 
$68 2.9385197 | 2-9385698 | 2.9386198 | 2.9386698 | 2.9387198 
869 | 29390198 | 29390697 | 2-9391197 | 2.939169) | 2.9392196 
870 | 29395193 | 2-9395692 | 2.939619 | 2.9396690 299397189 
871 2 9400182 2. 9400680 2. 9401179 2. 9401677 2. 9402176 
72 2. 9405165 | 2. 0405663 2.9406 161 | 2.9406659 | 2.940715) 
873 2.9410142 2.9410640 | 2-9411137 2.9411635 | 2.9412122 
1 874 | 29415114 | 29415611 | 2.9416108 | 2-9416605 2.9417 101 
| $75 2.9420081 | 2.9420577 | 2 9421073 | 2.9421569 | 2.94? 2365 
876 2.942 5041 | 2.9425537 [ 2-9426032 29426528 2.9427 024 
$77 [299429996 [2.943049 1 | 2. 9430986 | 2.9431481 | 2.9431976 
878 299434945 2.943544 29435934 [2.943649 | 2.9436923 
879 [29439889 | 2-9440383 | 2. 9440877 2. 9441371 |. 2-9441865 
880 2.9444827 [2.94453 20 | 2.94458 142.9446307 2.944680 
1 88: | 2 9449759 [2.945 9252 | 2-9450745 | 2.9451238 [2.9451 730 
$82 2.9454686 | 2.9455178 | 2.9455671 | 2.9456163 | 2.9456655 
883 2 9459607 2.946099 | 2.9460591 | 2.y461082 | 2.9461574 
884 | 2.9464523 | 2:9465014 | 2.9465505 | 2.9465996 | 2.9466487 
885 | 2-9469433 [29469923 2.9470414 | 2.9470905 , 2.9471395 
$86 | 29474337 | 2.947482) | 2.9475317 | 2.9475807 | 2.9476297 
887 2.9479236 | 2:-9479726 | 2.9450215 | 2.9480705 | 2.9481194 
888 | 2-9484130 | 2.9484619 | 2.9485108 | 2.94*5597 | 2.9486085 
889. | 2-9489018 2.948950 | 2.9489995 | 2.9490483 | 2.9490971 
899 [2.949390 | 2.9494388 | 29494576 | 2.9495364. | 2.9495852 
891 2.9493777 | 2.9499264 | 2.9499752 | 2.9500239 | 2.9502726 
892 2-9593649  2.95094135 [29504622 [2.950510 | 2.9505596 
893 2-9508515 | 2.950g001 | 2.9509487 | 2.9509973 | 2.9510459 
894 | 29513375 2.9513861 | 2-9514347 | 2 9514832 | 2.9515318 
895 2.95 8230 2.9518716 | 2.9519201 | 2.9519686 | 2.9520171 
896 | 295239080 2.95.3565 2:9524949 f 2.9524534 | 2.9525018 
897 2.952924 2.95 8409 2.9528893 | 2.9529377 | 2-95-9861 
898 | 2-9532763 2.9533247  2.9533731 | 2.9534214 | 2.9534697 
899 | 29537597 2.95380 o 2.9538563 | 2.9539046 2.9539529 


5 99 * 95 


3 


_ 
1 


6 
= e — 2 29298785 
8 | 7254 | 2-9297764 | 2:9298275 | 2.929 
29296743 2330235 . 5302866 . - Js 2 
2. 9301847 - 07453 [2930796329 1 
2. 9306944 3 29313053 2931 5 £31497 
29312035 | 2-93 5 2.9318137 | 2.9318645 3 
317121 | 2.9317629 il yen 3 
2932320 d —— Nt 28288 2-9320795 2 i 2 
2. 9327274 249 2848 | 2.9333354 | 2-933 2 Com 
2.9332341 [2933 092.9338415 2993389 : 39426 
e 69 | 2-9343974 | 2-93 
. 
2.9347 509 — 561 29354555 456 
29352553 2.9382 2258750 2.935910 | — — 
29357591 2537388525 2.9363629 | 29364132 9300085 
2.9362623 9 — 2 9368655 | 2.9369 157 ON” 
2-9367650 |. 2.936 <q 2.9373674 | 2-9374176 — — 
25372671 | 29373172 2 9378688 | 2.9379189 955 955 
2.377686 — — 2. 9383696 2 285158 peed! 
* . $8698 | 2.9 : 
29387698 2.9388198 2 I A 2959469 
2.9392696 2.93931 4 29598685 2 5399484 +939968 
2.9397 688 2.9398187 2.9403670 2 944169 2 940 25 
2.942674 . 2.9408650 29679 47 727 96 
* 5 13623 | 2-9414120 17 
ay +44 "4 2.9413126 794855 295558 ITE 
2 9417598 2 23 553 29424349 2222752 
2.9422562 r 2.9428510 | 2.9429005 +4 {4 
2.9427519 | 2942 * 2.943 3461 | 2-9433956 $4450 
2.943247 1 2.94329 2 | 2.9438406 | 2-9438990 | 2.943 , 
9437418 | 2.943791 1 2944459 
2 9442358 2-9442552 2-9448280 -2-944$773 | 294 — 
ee, 2.94477 : 2.9433208 29453701 8 
29452023 245760 2 $131 | 2-9458623 | 2:9459 
2.9452223 2.9457639 | 2-945813 — 228 
3 106-4 9462 57 | 2-9463049 | 2 $451 | 2.9463942 
__— 16 2.946796 | 2 946045 73847 
1.466978 2-9467469 29472866 | 29473357 | 2-9 19725 
2.947 1886 2 2 9477767 | 2-947 257 AT 641 
2.9476787 | 2.9477277 1 26 2548375 ae 
51684 29482173 43487553 4.348804 | 2-94 9 
2.948654 pe 19494436 29492924 2 o 
2.94 1460 2.949194 r- 29497802 2.949 2 
— 2.950170 D ei 2 9507542 2 95080: 
cog 2 9511432 os 2. 9517266 2951774 
— 803 | 2.916289 2 9521626 | 2 9522111 | 2.952 595 
hr. 129521141 2.9526472 | 2 9526956 2-95 1449 
28 972388 2 9531312 | 2-9531796 3 
2.95 0345 | 2-953982 2-9536147 | 2-953663t _ 953000 
29535181 2535664 228241 2425 | 
2 12 2.9540 | (OY 8 — 
__ 2 9540012 4508 E 


4A TABLE of Logarithms 


1 


Num. | Bs 7 | | 2 — I TI 
992 | 2-9542425 | 2.9542908 2.954339 9545875 29544355 
901 [29547248 2.9547730 | 29543212 2.954694 [2.954916 
992 | 2-9552065 | 2.955254) | 2:95530428 | 2.9553510 | 2-9553991 
993 .| 2-9556878| 2.9557353 | 29551839 | 29558320 | 2-9558801 
924 | 2-956:684 | 2.9562165 | 29562645 | 2.9563125 | 2.9563605 
995 2.9566486 | 2.9566966 | 29557445 | 2.9567925 29368455 
96 2.9571292 | 2.957176t [29572241 2.9572729 | 2-9573199 
997 | 2.9576073 | 2.y576552 | 2.9577039 2.957759 |} 2-957 7988 
908 2.958858 29581337 2958181) 29582293 2.958271 
909 2 9585639 | 2.938611) 2.953679 4 | 2.958702 [29587549 
910 } 2.9592414 | 29590591 | 2:9591368 | 2.9591845 | 29592322 
202 - | 29595008 | 8395665 [| xo5v0r27 1 7 — 55 quill 
912 2.9599948 2.955925 2.900990 2.900137 2.9601553 
913 2.9604708 | 2.96 95183 | 2-9605659 | 2. 365612 2.966610 
914 2.9629462 | 2.960993) 2.961042 8 2.96108 2.9611362 
915 2. 9614211] 2.96 14686 | 2-9615169 | 353 2.9616109 
916 2 9618955 | 2.9619429 | 2.9619993 | 2 9620377. 1.9620851¹ 
917 | -2.9623693 | 2.9624167 | 2.9624640 | 2.9625114 | 2.962558) 
918. 2.96:8427 | 2.952$905 | 2-9929373 | 2.9629346 | 2.9630319 
919 | 2.9633155 | 2-9633628 | 2.9634t00 | 2.9534573 | 2:9635245 
920 2.9637878 | 2.9638359 | 2:9638822 | 29639294 | 2 9639766 
92L 2.9642596 2.9643063 2-9643539 | 2 9644211 2.964442 
922 2.9647309 | 2.964780 | 2.9648251 J 2.964$722 | 2 9649193 
923 2.9652017 2.962488 2.965298 | 2.9653423 29833892 
944 2.96567 20 | 2.965719 [2.965766 2.9658 130 29658599 
925 - [2.966147 2.966188 | 2.9662356 | 2.96628 262.9663295 
926 | 2.9666110 | 2.9666579 | 2.965704$ | 2.9667517 | 2-9667985 
927 2.9670797 | 2.9671266 | 2.961734 | 29672203 2.967671 
928 2.967 5480 | 2.96 75948 | 2.9676416 | 29676384 2.967735ʃ 
929 2. 9680157 [2968 625 [2968092 [2.968 1559 29682027 
930 | 2.9684829 | 2.9685296 2.9685 763 | 2.9686239 | 29686697 
931 -| 2-9659497 | 2.9689963" | 2.9690430 | 2.9699896 | 2.969152 
932 | 2-9694159 | 2.96946z5 | 2.96950g1 | 2.9695557 2.969623 
933 2.96988 162.9699282 | 2.9699747 | 2.9790213- | 2:9700678 
934 2.9703469 | 2.9703934 | 2-9704399 | 2.9704863 | 2:9305328 
935 | 2.9708116 | 2.9708581-| 2.9709045. | 2.9709509 | 2 9709974 
936 2.9712758 | 29713222 2 9713636 2.9714155'| 2:9714614 
937 | 2-9717396 | 2.9717859 | 2-9718323 | 2.97i8786 | 29719249 
938 f 2-9722028 | 2.9722491 | 2-9722954 | 2.9723417 | 2.9723880 
939 2.9726656 | 2.9727118 [29727581 | 2-9728043 2.972850 
940 2. 9731279 | 2.9731741 | 2 9732202 | 2.9732664 2.9733 126 
o4t 29735898 29736358 25736819 2.9737281 | 2-9737742 
942 2.9740509 | 2-9740970 | 2 9741431 | 29741892 | 2.9742353 
943 | 2-9745117 | 2-9745577 | 2-9746038 | 2.9746498 | 2.974959 
944 2.9749720 2.97 50180 } 2.9750640 | 2.9751109Q-| 2.9751569 
v45 | 2-9754318 | 2-9754778 [2.975537 | 2-9755697 | 29756156 
946 | 2-9758911 | 2.97 59370 | 2 9759829 | 2:9760288 | 2.9760747 
947 | 29763500-| 2.9763958 | 2.9764417 | 2.9764875 2.975334 
948 2.97 68083 | 2.97 68541 2.979 | 2. 9769458 2-9769915 
949 2.9772662 | 2.9773120 F 2.977357] 1 2.9774035 | 29714492 | 


from 1 to 16000. 


444% 


. 6 7 8 — 9 
gov 2.9345319 | 2-954530z | 2-9546284 | 2.9546;66 | 
901 2.954965) | 2-9550139 |! 2-9550621 | 2-9551192 | 2-9551584 
go2 | 29554472 |*29554953 | 29555434 | 2-9555916 | 2.9556397 
goz | 2.9559282 | 2-9559762 | 29560243 | 2.9560723 | 2-9561204 
904 2 9564586 [ 2.9564566 2.9565046 | 2.9565526 | 2.95660c6 
| 9955 2.9568885 2.9569364 2.9569$44 2.9570323 29570803 
906 2.9573678 | 29574157 [29574635 29775115 | 2-9575594 
go7 | 2.9578466 | 2-9578945 | 2 9579423 | 2-9579922 | 2-9580380 * 
908 2. 9583249 59503147 2.9584205 | 2.95346$3 [ 2-9585:61 
909 2 9588027 2.959 505 29588982 29589459 | 2-9589937 
910 | 2-9592800 | 2 9593276"| 29593753 [2959423 | 2-9594707 
911 295977 2.9598243 29528820 -2-9598996 | 2 9599472 | 
912 2. 9602329 2. 9602805 2.9603 281 2.960 756 | 2. 9604232 
913 2 9607086 | 2.9697 561 2.9608936 | 2.9658512 | 2-9608987 
| 914 2.9611837 | 2-9612312 2.961278) | 2.9613262 | 2.9613736 
915 2. 9616583 2.9617058 2.967332 J 2.96180 6 [ 2.9618481 
916 29621325 | 2.9621799 29622272 | 2.9622746 | 2.9623220 
917 2.9626061 2.9626534 2.96 270% [29627481 2.9627954 
918 2. 9630792 2.963 1264 2. 9631737 | 2.9632210 | 29632683 
919 28635517 2.963799 | 2-9636462 2. 9636934 [2.963 7406 
920 2.964238 2 964070 2.964181 [29641653 | 2.9642125 
921 2. 9644953 | 249645425 2. 9645896 | £-9646367 | 2.9646338 
| 922 2.9649664. | 29652135 2.9650605 | 2.9651076 | 2.9651547 
| 923 2.965430 | 29654839 | 2:9655399 | 2:9655192 | 2:9656250 
924 | 2.9659069 | 29659539 | 2.960509 2.9660478 | 2.9660948 
925 2.9663 764 2.9664233 | 29664703 2.9665172 2.9665641 
926 2. 9668454 2.668923 2.9669392 2.966986 | 2.9670329 
927 2.9673139 2.967 3657 2.967376 | 2:9674544 | 2.967012 | 
928 | 2.967;819 29678287 2.9678754 | 2-9679222 | 2.9679690 - 
929 2.9682494 | 2-965 961 2.9683428 | 2-9633895 | 2.9684362 
950 2.9687164 | 2.9657639 2.94588097 ,| 2-9688564 | 2.9689030 
931 2.9691829 2.9692295 2.9692761 | 2.9693227 | 2:9693693 | 
932 | 2.9696488 | 2.9596954 2-9697420 | 2.9697 885 | -2-9698351 Þ 
933 | 29701143 | 29701608 | 2.9192974 1 3.9792539 | 7:9703c04 | 
934 | 29705793 | 2-9709258 | 2-9706722 | 2:9707157 | 2-9707652 
935 2.97 10438 2.97 10992 2.9711 366 2.97 11830 2.97 12294 
936 2.9715078 | 2-9715542 2.97 16095 2.9716469 | 2.9716932 
937 2.9719713 2.9720176 2.97 22639 2.9741102 | 2.9721565 
938 2.972434 2.97 24805 | 2-9725268 [2.972573 | 2-9726193 
939 2.9728968 | 29729430 2.97298g92 | 4-9750354 | 2-9730816 
945 2.9733588 | 2.97340 29734511 2.9734973 | 29735435 
941 | 2.9738203 2:9738664 | 2:9739126 2.973958) | - 2.9740048 
942 29742814 2-9743274 29140735 2.9744196. | 2.9744656 
943 2.9747419 | 29747879 | 29748345 2.9748800 | 2.9749260 
944 2.97 52020 | 2.9752479 | 9752939 29753399 [ 2-97 53558 
945 2.9156615-| 2.9757075 | 29757534 | 229157995" 2.43 55452 
946 |  2.9761206 2.9761665 2-9762124 [29762582 | 2.97 63041 
947 2.9765792 | 299766251 | 29766709 2-9767167 | 2.9767625 
| 948 29770373 2.9170831 | 29771239 | 2-9771747 | 2.9772-04 
( . 2.9774950 2.977 54927 2.97 75864 [29776322 2 9576559 | 
X | — — 


E 2 


—  - ⁰˙ :ůmͥ̃ 
I emma 


n 


— — 


Logarithms. | 


A TABLE of 
— eee, e eee eee 
2-9777236 | 2.977693 | 2-9778150 ] 2.97860 2.97 7964 
2.9781805 | 2.9782262 | 2.9782718 J 2.9783175 | 2.9783631 
2.9786369 | 2.9786826 | 2-9787282 | 2.978773$ | 2.9788194 
2-97 90929 | 2-9791385 | 2-9791840 | 2-9792296 | 29792751 
29795484 | 2-9795939 | 2 9796394 | 2.9796349 | 2-9797304 
2.9800234 | 2-9800488 | 2 9800943 2.9851398 | 2-9801852 
2.9804579 | 2-9805033 | 2.9905487 | 2.980594z | 2-9806396 
2.9809119 | 2.9809573 2.980027 | 2.9810481 [29810934 
2.9813655 | 2 9814108 2.9814562 | 2.9815015 2,9815468 
2.9818186 | 2.9818539 | 2.9819092 | 2.9819544 29819997 
2.9922712 | 2. 9823165 | 2-9823617 | 2.9824569 | 2.98245 22 
2 9327234 | 2.9827686 | 2.9828138 | 2 9928589. | 2-9529041 
2.9831751 | 2.9$32202 | 2-9832654 | 2.9833105 | 2-9533556 
2.9836263 | 29836714 | 2-9837105 | 2.9837616 | 2.9835066 
2.9830770 | 2-9841221 | 2-9841671 | 2.9842122 | 29842572 
2.9845273 | 2-9845723 | 2.846173 2.9846623 | 2.994707 3 
2 9349771 | 2-9850221 | 2.98506:0 | 29851120 | 2.9851 569 
- 2.9854265 | 2.9554714 | 2-9555165 | 2-9855612 | 2-9856061 
2.9858754 | 2-9859202 | 2-9859651 | 2.9865099 | 2.9860548 
2.9863238 | 2.9863686 | 29864134 | 2.9864582 | 2-9565030 
2.9867717 | 2.9868165 | 2-9868613 | 2 9S69060 | 2 9869508 
2.9872192 [2.982640 | 2-9873087 | 29873534 [29873981 
2.987 6663 | 2.9877109 | 2.9877556 2.987 8003 29878450 
2.9881128 | 2.9881575 | 2.9882021 | 2.9882467 | 2-9882913 
2.9885590 | 2.9886035 | 29586481 | 2.9886927 2.9887373 
2.9290046 | 2.9890492 2.989093) | 2-9891392 | 2.9891828 
2.9894498 | 2-9894943 | 2.9895388 2.9895833 | 2.9896278 
2. 9898946 2-9899390 | 2.93899335 | 2.9990279 | 2-9900723 
2.9903389 | 2-9923833 | 2-9994277 [29904721 | 2.9905164 
2. 9907829 29908271 | 2 9999714 | 2.9999158 | 2. 9909601 
2.9912261 | 2. 9912704 | 29913147 2.9913590 | 29914033 
2.9916690 | 2.9917133 | 2-9917575 | 2-9918018 2.9918461 
-2.9921115 | 2.9921557 | 29921999 | 2.9922441 29922884 
2.9925535 | 2.9925977 | 2-9926419 | 2.9926869 | 2.992730 
2-9929951 | 2.9939392 | 2-9939334 | 2.9931275 | 2-9931716 
2.9934362 | 2.993480z3 } 29935244 | 2.9935685 | 2 9936126 
299938769 2-9939210 | 2 9939659 | 2.942095 | 29940531 
2.9943171 | 2.9943611 | 249944951 | 29944491 | 2-9944931 
2.9947569 | 2.994800y | 2-9948445 | 2.9948888 | 2.9949327 
2.9951963 | 2.9952422 [29952841 | 2.9953280 | 2-9953719 
2.9956352 | 2-9956/91 | 2-9957229 | 2.995 7668 | 2.9958106 
2-9960736 | 2.996175 | 29961613 2.996251 [29962489 
2.9965117 | 2-9965554 | 2 9965992 | 2 9966430 | 2.9966868 
2.9969492 | 2-9969930 | 2-9970367 | 2.9970504 | 2.9971242 
| 2.9973864 | 2-99743091 | 2.9974735 | 2-9975174 | 2.99756L1 
2.9978231 [2.998667 | 2:9979104 | 2-9979540 | 2 9979976 
2.99382593 | 2.9983029 | 29983465 2.998391 | 2.9984337 
2.9986952 | 2.9987387 | 2.9987823 | 2.9988258 | 2.9988694 
2.9991305 | 2.999174 1 2. 9992611 | 2.9993046 
2. 9995655 | 2.999609 ] 2.9996524 1 2.9996959 4 2-9997343 


9 — TI ..... — 
from 1 to 10000. | 
Num. 8 el ? 6 | " | — | 2 
959 | 2-9719521 2,75 || 2:9180435 | 2-9780892 | 2578348 
951 2.9784088 | 2.9784544 2.9785001 2.9785457 | 2-9785913 
952 2.9788650 | 29789106 | 2.9789562 2.979001) 29790473 
953 | 29793207 | 2-9793662 | 2-9794118 | 2.9794573 | 2-9795028 
954 [29797759 | 2.9798214 | 2.979866g f 29799124 | 2.9799579 
955 2.9902307 | 2,9302761 | 2.9803216 | 2.983670 | 2.9804125 
956 2.9806850 | 2 9897304 2.9807758 | 2 9808212 2. 9808666 
; 957 2.9911388 2.981 1841 | 2 9912295 |] 2-9812748 | 2.9813202 
; 958 2.9815921 | 2.9916374 | 2.9816827 | 429817280 | 2-9817733 
959 2 9820450 2.982092 29821355 | 2.9821807 | 2.9822265 
| 969 2.9824974 | 2.9825426 | 2 9825878 | 2.9926330 | 2.9826782 
961 2 9829493 2.982994 2. 29830396 2. 2830848 29831299 
962 [25834007 2583/0 2.9$34910 25835761 | 2.9835812 
943 29838517 | 2.983$96$ 2.983949 | 2.9839869 | 2.984032 
964 2.9843022 | 2.9843473 2. 984 3923 | 2.9844373 | 2.984483 
965 2.9847 523 | 2.9847973 | 2.9345422 | 2.9848872 | 2.93849322 
966 2. 9852019 2.9852468 | 2 9852917 | 2-9353366 | 2.9353816 
967 2.9856510 | 2.9856959 | 2-9857427 | 2 9357856 | 2.9858305 
968 2.9860996 | 2.9861445 | 2.9361593 et 2.986279 
| 969 2.93865478 | 2.9865926 | 2. 9366374 | 29866822 | 2.9967270 
970 2.9869955 | 2.987043 29870850 | 29871 298 | 2.987 1745 
971 2.9874428 | 2.9874875 | 2-9875322 [29875769 | 2.9376216 
972 2.9878896 | 2.9379343 | 2.9379789 | 2 9389236 | 2.9880682 
973 2. 2.9883360 | 2 2.9883 526 2.9884252 2.9884693 2.9885 5144 
974 | 2.98878.8 | 25888264 2. 2-93887 10 | 2.9889155 | 2.9889601 
975 2.9892275 | 2.9892718 2.989363 [ 2.9893658 | 2. 9894053 
976 2. 9896722 2.989716) | 2.98976i(2 | 2.9893557 | 2.9898 301 
977 2.990116$ | 2.9921612 | 2.9992056 {| 29992509 | 2.9992944 
978 2.9955608 | 2.9996052 | 2.990649 2.996940 | 2.9997 353 
979 2. 99 100 442.9910488 2-9910931 | 2.9911374 | 2.9911818 
980 2.9914476 | 2.9914919 | 2.991536z2 | 2.991580z. | 2-9916247 
981 2. 9918903 | 2.9919345 2.9919788 | 29920230 [29920673 
982 2.99 23326 | 2.9923768 2.99 24210 | 29924651 [2.992393 
983 2.9927744 | 2 9928185 | 29928627 | 2.9929063 [2.992950 
984 | 2-9932157 | 2.9932598 2-9933039 2.993340 | 29933921 
985 [29936566 | 29937007 | 2.9937448 [29937888 | 2.9938329 
986 | 2.994971 | 2:9941411 | 2-9941851 | 29942291 [ 29942731 
9% 25545371 | 29945811 | 29946251 | 2.994669 | 2-9947130 
938 | 2.9949767 | 2.9950226 | 2-9950645 | 2.995185 | 2. 9951524 
999 | 2-9954158 | 2-9954597 | 2:9955036 | 2-9955474 | 29955913 
990 | 2-9953545 | 2.9958983 | 2.9959422 '| 2.995960 | 2.996298 
991 [299962927 |2:9963365 | 2.9963803 | 2.996424 [ 2.9964679 
992 2.9967305 da 9967 743 | 2.996818 [29968618 | 2.9969 9355 
993 2.9971679 2.972116 29972553 | 29972992 29973427 
994 | 2.9976048 | 2.9976485 | 2-9976921 | 2-9977358 [299% 77794 
995 | 2980413 | 2.9980849 | 29981285 | 2-9951721 | 29992157 
996 2.9984773 | 2-9935299 | 2-9985645 | 2-99$6280 | 2.9986516 
997 2.9999129 | 2.9989564 | 2.9992000 | 2-9999435 J 2.9990570 
99g | 29993481 | 2.9993916 | 2-9994359 | 29994755 | 2.99952:.0 
999 | 2.9997828 | 2.9993262 | 2.9999697 | 2-9999131 | 2 9999566 


| N 
4 
! 
L 


- 
— — 


A Table of Artificial Sine, 


© Degrees. 

Sine. I ang. [Secant.| 5 | 
©] 2.000000010.0000000 0.2009009 Infinite (10.0200000 Infinite 60 
115.463726119- 09999999 (6463 4637261[13-5362739]19- 2990090 13-5302; 33159 
6. 76475619. 9999999 46-7647 562113-2352438119-2009001, [13:2352439 153 
316. 94084739 9999998 6.9 247825 8225 e el 
Als 065 5860 9. 9999997 0. 657863 517 9342137 ee r = 4 op 50 
1626900 9.9999 [7: 23 12 537353008880 [12:33 73040); 
Ut 24187 711999999937 7 241877 8012 7581222010 000007 12758122954 
9 5 30882 30,0. 9GG9991. 1.388248 12.6911 52/10-5000009, . 69117610; 
8.36684 59.999 9988 7.3668 1692.633183 1010. 90001 2.6331843652 
017.41 796$1/9-9999985, |? 7.417969 6.12.58 2030400 0000015; [12.55203 1951 

1©17.4637255 9-999 9992. 74637273 12.536272 710.8 [12-5362745/50 

2 5851187 9.99999 78 7.5951203|1 2.404879; {19-0200022, 2. 494881949 
12.429065 9.99999" 4 7-5$42929 1112-45 70999 10.09000026| [12457093 5[43 

131 577668409. 9999969, 7 7776715 1 2.42232$5]19-000003 1] [12 42233105 

25 0 427285 5999964 7.688560 a. Zo 4.851845 

4 60 78345 9.599955 7-6678492/12 33275050 8847 12332455500 

1-[7.6941733|9-999994* || 71-6941 786/12. 3058214 0053 [14-305B2674; 

187. 18996 6f9 999994c 7.7192026}12.2809974|19.00000609] 2. 28100342 

1974247 59.999994 7.742484112. 2575159 l. o 8612. 25752251 

277.7647 537199999927] 2476192239807 [223430 

21.859427 9.9999 919/7785558. 21404921. 008 I] [1242140575 359 

227.806 145809.9 999911 7.896 1547/12 193845 3[10-0090089] 12. 1938542058 

23 7. 8254507 9. 9999903 78254604 12. 1745396 lo. ooοοο 121745495537 

24) 7-843933819.9999594 7-$439444{12.1560556 ee 12. 150000256 

257.8616623 9.9999885 7-$61673S|12.7383262[10-0000115| [12. 12.138337763 

267.8786953 9.99998 77.878707 712.1212923. 00124, [12.1213047|;4 

[25] 7.8950854|9 9999860 [7.5950988} 12.1 249212 o. 04 12. 1049140 33 
2] 7.910879319.9999556 i 9108939[12.0891062]10 0200144] [12.0891207[z; 
29] 7.9261190|9-9999S45 7 926134412. 07386560. 0000155 [12 0738810/z1 
| 30 7-9498419/9- 9999$35117-9405554{12 0591416 10.080195 12.05y1581/:0 
_ | Sine. RE Tang. Lang. Secant. 
8 4 Degrees. ' 
| E 


8 


.: K ¶ A ²˙ , A. -- 


W 
— 


6358ʃ8.22713339.999382 


—— 2 


— U— 


Tangents, and 5 cant. 


o Degree. 


Sine. 


7. 19408419 9 9.999835 


1-95 50819 '9.9999823 
1-96886989.9999814 
1.93223349-9999995([7 
7-995 19809.9999788 
8.77867 9999775 


50.8. 929929719, 9999762 
5 -0319195 9.9999748 
3 8.043 5999 9.99997 35 
390 8 29541814 9.9999721 
4 80687163 229700 
4105 7676455 9999691 
428.8696469. 9999676 
148 09718329. 9999660 


48. [9716099 .9999644 
2 6 92 629 .9999628 


468-126 126471 09. 9999611 
4748.1 13581049 9999594 
148, 8. 14495329.9999577 

49, 8. 153997 05 9999559 
59, 8. 8.126808 COW. 29999541 


43 S393 443 #3 43 I c 
>< 


S.1539516 11 846948. 
8. 


51 $.1 1772849 555975 9999522 
528.1797129 9.999950 
7368·18798489.9999484 
45 1961299.9999464 
55,5 2949793'9. 9999444 


558.2118949 9.9999424 
571.2195 11 9.9999403 


(595.2345 568 9 9999360 


— — — 


[ Lang. % 
1:949858, (20591416 
7 1-95 59996 2. 0449 
7.96888 80/1 2.03 11110 
982253412. 0177 6 
1:-9952192| 12.004 
3.057 8092 (1.992190! 
$.0:00445| 11.97 99553 
$.0319446 11.96805 54 
8.04352 74 11.956470 
$,9348094, I1-945 199 
8. 0658057, [1.934194% 
30765506 11 923469. 
8. 0869970 11.913003 
8.972172 11902782 
8.1072025 11.89 27975 
8.1169634 LI. 880300 


8.1265299 11.8734 
8.1358510 11.864149 
8.449956 11.85 5004 


1627267 11 8372733 
8 1713252 11.828678 
8.1797626 118202374 
8.1880364 11.811963 
8.1961556 11.893844. 
8. 9. 2041259 11. 795874. 
$.2119526 11.7 88047. 
8.229648 11.780359. 
8.22719 53 11 772804 
8.2346208 11.763379. 
$.2419215 11.789783 


Su Sinc. 


7 $.2415553 9 9999338 


| Tang. 


110.0000238 


Secant. . 


1 

Io 0£00165 
10,0090177 
10. ooo 88 
[[0.0990200 
10.000212 
10.0000225 


10.0000252 
10 00<0265 
10.200027 9 
10.0002294 
[0,0000309 
19.00003 £ 4 
19,2000340 
13. 000356 
10.000093 72 
10,00003 89 
10.0000400 
10,.0200423 
1 0.000044 1 


10,050 2459 
10. 0002478 
10. 0000497 
10. 00051 
10.000530 
1 
10. 0000570 
19.0000597 
10,000261i [1 
10.0000640 
10 5900662 


119922133 


2.591781 
120449181 


20048020 


119799793. 
119680805 


11.942186 
[1 9342237, 
1.923503 
119138354 
1199-8168 
118928331 
11.8830-38 
41.873599 
[1.8641 $96 
t1.85 $2468 
: 1.094909 25 
(1.837 3192 
11$.57196 
11 8202871 
1.51 20152 
11.803 8980 
[1-7959-97 
[1»JSSLO5L 
[1.7804189 

L.7 72+ 065 
(1.7654432 


617551447 
yecant jv 


| 


20 
12031130228 
12917766627 
26 
125 


11556499122 


2 


24 
23 


21 
20 
19 
18 
17 

10 
15 

14 

134 
12 
11 
10 


89 Degrees. 


DOI 


— —— GP — —_ _ 


a —— cl "GE io et 


Tanpents, and Secants. 


. 
: 


.2490332 
218.2560943 


8.283 243 
8.23897 734 


018.302 5460 
101]8.30$7 941 


999993 16 
9. 9999294 
9.999927 
9.9999247 
9 99992274 
9.9999 200 
9.99991 75 
9.9999150 
9.99991 25; 
22958105 


7108.314953 
128.3210269 
138.3270163 
148.3329243 
1519-333 1529 
168.3445043 
178.3 501 805 
188.3557835 
198.3613150 
208.3665769 


9.9999074 
9.999904" 
9.999902 1 
9. 9998994 
9.999 8965 
9.999893 9 
9.999891 
9.999 8882 
99998853 
9.999882 


2518-39310 

2618.3981793 
2 715.403 1990 
2$18.4081 614 
29 $.4130676 


[21]3-3721715]-99987 94 
2218-3774988 9998764 
2308.3 8276209. 9998734 
2408 38796220.9998703 


9 9998672 


9.9998341 
9.9998609 
9.99955 77 
99998544 
99998512 


308.4179190 


Sine. 


9249275 
8.249 1015 
8.2561649 
8.2631153 


8.2699563 
8 2766912 


8. 2898559 
8.296291 
£,3026335 
8.3088 842 
8 3150462 
$.3211221 
8.3271143 


8.3388563 


$.3 522895 
$.3555953 
8.3614297 
8.366894 5 
8 3722915 
8.3776223 
8.382888 
8.3 880918 
8.3932336 


8.3983152 
8.433381 
8.4083 37 
8.4132132 


8.418679 


| 


Tang. 


8.333024 
4: 301.6611437 


8.5446 105116553895 


11475 80785 


11.7438351 
11.736884) 
11.730037 
11.723388 


9283323411. 166766 
11.7 101441 


11.03 7083 
116973665 
141.6911158 
11.684953 

11.6788779 
11.672885) 
11.66697 51 


11.6497 105 
11,6441047 
11.6385703 
116331055 
11:627 7085 
11:6223777 
11.6171114 
[1.61 199t2 
[1.6267664 
I1,6916848 
l[1.596661g' 
[1 5916963 
11-5867 868 
11.5819321 


lang | 


11.7508985 | 


T 


7581447 


100800662 11 


to ooο 851.703 7933 
[0.200087 5 £1-6974540 


10. 002611. 68 5046449 
[0.000095 3]11.69897 31/48 
10. oo009 911.6729837 4 
. 001. 66705 5746 


11.655749 
(0.0001o8ght 1.6498 44 . 


.0.0501118}11.6442165 
0. 0001147 


o. 0120611. 6278290 39 
o. 00123611 622501 38 
10.000! 266011. 61 723 800; 2 

11612037836 


10.000135 
o. 001391 
0.001423 
o. 001456 
10.0001488 


| SEcant. 


88 


Degrees. 


— — — 


Tangents, and Secants. 


1 Degree. 


Sine. 
— 


—— — — — 


84180679 


318.4227168 9.9998 478 
32 8.4274621,9.9998445 
338. 43215619. 9998411 
3458. 925 67999 9. 9998376 
358.4413944 9,9298342 
36.844794. 5998306 
3715-4594402[9-999827 1 
380845489340. 9992235 
39]5-4593013|9.9998199 

4018. 463664909. 9998162 


— 


8. 4764984. 999805 
3 — 9998012 


4515-434847 919.9997 974 
46 5.488963 2/ 9.9997935 
47849303989. 999 7896 
8.970755 9997856 
4918.50 107989. 9997817 


455 .4679850[9.9998125 
426. 47226269. 9998088 
f 


518 50897369.9997 736 
5258.5 128673 9.9997695 
385167264 9.9997 653 
545 5205514 9.9997 612 
55 8.5243439,9-9997 570! 


8.52810 17 9.999 9997 527 
5719-53182 $1'9.9997 454 
58 — ayndecr 
60 74202 354 


59j$-505044719.9997 776] 


| Sine. 


84228690 
8.4276176 
84323150 
8. 4369622; 
84415603 
8.4461103 
8.406131 
5.45 50699 


8.4594814 
$.4638486, 1 
4681725 
47245 38 
4766933 5| 


8. 4550505)! 
4891696 


11.879321 


115771310 
11.5723824 
11.5676850 
115630378 
11.5584397 


11.5538897 
11.5493869 
I1.5449301 


I1-5405186} 


I11,5361514 
'Tho 5318275 
I1,527 5462 


11-5233067}| 


11.5191080 


| 


| 


Secant. 


10. 0001522 
10.000155 
lo 0001589 
10.2001624 
10.0001 655 


10.0001694 
10. 0001729 
10001765 
10.0001 801 
to. 001838 
10.001875 
to. 001912 
o. 001950 
0. 0001988 
[0,.0002026 


þ 


11.5149495 
11.5 108304 
11.567498 
11. 5027072 


11.4947329 
11.497999 
11.4: 69022 
114830390 
11 4792098 


0111475414 


8.52 83490 


114716510 


8.532079 114679203 
8.5357787“1¹ 4642213 
8.53 9446611 4695534 


[8:5430838$[#1 * 


I 5 


; 


$0,0002065 
10.0002104, 
0. 0002144 
to. 002183 
to. ooo 24 


io. 5888148878581 0 


0 — 


10.002473 


0. oo 


Lang. 


10. .000260 
0. 000264 


1 
e 


2 4 
11-5363351P© 
11.532015 19 
11.527 7374418 
11,5235c16Þ1 7 
11.5 19306816 
LI, Ain; 
11. 3 14 
11. 5069602113 
11 502921612 
11498920211 
1149498310 
114910264 9 


11.483273 
114794486 6 


1315 4 


10.0002516 11.4681719 3 


114644772 2 
11.4608 137 1 


114871808 © 


88 Degrees. . 
— 


; 


— —  — — — 


"I. 1 


"x 
— — ——— — —— l 


Ak. 


A Tabk of Artificial Siner, 


| TE Sine. 


| 


08.54: 5428192 
1 8 5464218 
28. 5499948 
308. 5535386 
4.5570 536 
568.5505404 


1 


10 


9.9997354 
9.9997 305 
9.9997265 
9.9997220 
9.9997174 
9.0097128 
608.563 9994.997052 
9.9997 936 
719.9996 989 
8.5742139.9996942 
8.57 76009. 999689 


1118. 5808923 
128.5841933 
138.5874694 


9.999684 
9. 9996798 
9.999674 


14 8.59 72099. 9996 


15 8.939483 
16 8.59717517 
17 8.6003 317 


9.9996650 


9. 9996601 
9.999655 


' [$.6069777 
. [86100943] 


2 Degrees. 


Tang. 


8. 543083811. 4769162 10. con2G6ad 


8:5466909 
8.552683 
8.5 538166, 
8.5573362 
4 5608276 
$.5642912 
8.5677275 


8. 5847136 
8. 5877945 
8.59 10509 
$.5942832 
8.5974917 
8.60067 67 
8.6038386 


8.613 6131889, 
8, 6162616, 
8. 6193127 
8.223427 
86253518 


11.453 5591 
114497317 
114461834 
11. 8 
114391724 
114357088 
114322725 
114288632 
114254803 


660114221234 


12 


114154864 | 


I1.408g9491 
11.495 7168] 
I 1.4025083 


11.3993233 
11.3961614 


11.3930223 
11.3899057 
11.3 — 5g 
II, 

11.386685 
113776575 
11.374642 


11.41 525 


8.6283402 


8. 6313083 


8. 6342563 


$6371 845 
e «3599069 
U | Tang. 


87 _— 


11.3716598 
11.3686917 
11.3657437| 
11.3628155 


10 0002918] 


10.0003 0003399]! 1.4023483 


— 


Secant 


10.050269.|1 1 4535782 
10 0002735 
10. ooo d 
10.002826 


10. 0002872 


114464614 
114429464 


11.436 
10. 0002964 114323690 
10. 000301101 14291643 
10. 0030581 I-4257861 
10.0003106,11-4224340 
10.000315.411.4191077 
10.0003202/11.4158067 


10 0503251111.4125306]47 


10.0003 309011 4092791 
10.0003 z 0003; 501 11.4060517 


10. 0034501 1.399663 
10.0003 5001 1.3965 114 
10.000355 111.3933774 
10. 0.0003692/11.3902659 3902659 
10. 0003654 113871765 
10. 003706 11. 3841595 
10.0003 758 11.3810631 
10.0003811 11-378038 


10.0003 864 11-3750347135 
10. 5003918 11.372076 


10. 0003972 110.3690889 
10.0004526, 11 366 1463 
Io. ocogo8 111.3632236 
19.000413 5 11. 3603204 


———— 


11 ge | 


t11-45000521; 


11 4394596 


8 Ccan(. 


 Tangents, and Secants. 


2 Degrees. 


5 
18 188002 9994044 


Za Sine. | 


— 


Tang 


* Sine. Tang. HS Secant. 
30 8.639679699.9995865| 8.640093 011.3799005 [10 080413 57 1.3603 204 30 
216.6425634 9.99980 8.642982 511.3570175 [r0.0004191[t1.3574366/25 
I 4357 41911]11.3574366(29 
32 $.6454252,9-9995753 8.645852$[11.3541472] 1:0.0004247 11334571828 
$313.6432742/9-9995697| [$.6457044'1.3512950] [10 004305 11351725802 
: ; 8.65 15375[11. 3484625 {10.5004359[11-34$8984 26 
3518.65 $ 6543522 1-345647t] 110.0004416|11.3460893/25 
36,8. 8 6571499 11.342851c| [10.0004473[11-3432983'24 
3718. $.6599279,11-3490721| [10.0004531|11-3495252/23 
3818 6622303]Þ-9995411 $.6626891|11-3373129] [t0.0004589[t 1.337 7697 22 
3 $ 6654331[11-334566z] j10.0004647[t1.3350316 21 
4018. $.6681598 11.3318402 j10.0004705[L1 3323107 20 
41 : 8 6708697|11.3291303}  f10,0004764[11.3 296c68 19 
42 5 8.67 3 5628011. 3264372 io. oo 2411. 3269196 18 | 
43 . 8.6762393 11.323760 10. 9004884 11324249017 
44's 8.61 88996 11-321 1004 190.0004944 113213948 16 
25 e 147765 2 11318955715 
3 8.6841719 11. 281] jl0,0005065IL1.3163 246! 
* ; '$.6867844 11.3132156| [10.0005126 11.3 5720 5 | 
48 ; 8.6893813 11-310618;| [10.00051S$ht1.311137 5[L2 | 
br N 8.69 19629 11. 3080371 [10.000525cÞ: 1.3985621]1 1 
50/8. 8.894292 11:3954708] [10.02053 12]1 1.3<60029|to 
: $ 69708c6 11-3229194| [10.0005375|t1.3034569] 9 
$1]5-6965431 e 11. 3003828 1000035438 11 — 
+ 7 | 9.721390 11297870 (0.0005 50<[l1-2994111] 7 
$.7046465 112953535] [10.0005 565[11-2959101 
54 70408909. 9994435 e 11.298605 10.000632 1 
by ee $.7096185 11.2903 815 [19,0905694[t 1.29095 10] 4 
8. 9.9 99430608. 7096185 9095 1 
57 5113075544 847145834 £1-2879166] tee 550288452503 
5808.7129520,999 1768.145345 454635 [10.0005324/t1.z860480] 2 
8.7 163829. 410 $ 7164719 11. 28302810 fo. 089.2536171 
8.719393 12826242] 10.9995956[11.2811998] © 


— 


87 Degrees. 


2 — 
— ̃ 


F 2 


— 


A Hable of Artificial ines, 
| 3 Degrees. 


Tang.“ Secant.| 


42 65 
8.719 7193958 11. — 10. 55859501 11. 229 = 
87218063 11 2781937, 10. i 38 
3.7242235 I1.2757965 [10.00060 9111 TINS. 
8.726587 112734123 10. e 
8. 28958911. 2710411, [19,000622 i 54111 
$.7313174 I 1-2686826 |10; 100906292 , 


— 11. 2609 72854 
8. 7336631 [11-2663369 Tine) 11.2646465153 
9. 572 5 7359964 11 264003 O 000649 7 11. 2623325 72 
987373535555 238.7383172 11-2616828| 110. 006567[11-260030g|51 
8 8. 737667519. — .. 8. 7406 58011. 2593742 2 241.257741405 
12387472780 5 8. 2429222011. 25 55 — ore 49 
5360[9-9993293] [8.7 258 10.000677) 47 
974355 223) (8.747479 .2525255 0206848[11.2509447 
129 eee 3353125 8.749740, 1.2506 10 0 6 1 11.248702 7046 
| 1308.7 74905530. 2993 af $.7519892/11.2480108| [10.00069 4 11.2464722/45 
148. e, . 7342269 11.457731 . 44 
15 8:753527819.99 2938, [8.756453 1111.2435469| [10.0007 062 11.2420454/43. 
8 69 9.999293 7 2 10. 0007135 
| 176 775548 20054565 8. eee, 10.000720) 123766304 
1768.7 8.76085 191.2391 0007 28001 1.23 7663 
118 ,8-760151219-9992793 8 * 0647 11.23693 53 ane 11.23 54889040 
19 4 1 20 8.165246) 11 2347535 + 
20876451 11Þ-999264 8.767417 5/1 1-2325825/ 10.0007 30 l. 23177458 
7695777Tr1. 2304223 10.0007 57 6.11. 22903037 
6 9.992424, 8.7717274/11,228272 10 0007 65111. 226898603 
23[8.7709 97 92349; 8.738665 11. 2261335 cr 2241274023 
226. 1272226 e 8.7759952 - dn ca. 2240088 — 12226600 34 
2519-715 8.3781136111, 2278864 e iD 660133 
_ £7133 30109992198 9992198 8. 1852218 11 2197782 woo ths - 11 2184756 5% 
278.7354355 9992046] 8 8.7823199/11.217680x, [10 oo 11.2163952]31 
2808 r 9.99 1969] 8.784479 11.215591 lo. oc $15$[11-2143247[39 
2908 783604 9.999 : 4 8.7864861 11.212 11.213139 10. ooO ar” —— 
(3018. 18567 53]9-9991892 


SE + Al 
| Sine, T ang. Sccant. 


86 Degrees. 


0 718800249. 9994044 
118.721204<[9.999397 
72359469.99939 11 
1657 259721 9.99938 


8.728336619.999377 
358. re.: 9.999708 


8 
£9 


—_ 


— 


Tangente, and Secants. 


— . — 
Sine. Secant. . 
968688892 — 8132775 
318 78773599.999 1815 10. 00818511. 21226419 
326.7897 8679. 9991737 10.0908263[11.2102133|28 
3313. 791827 8/9.999165 10.0008341[1:,2081722[27 
343-7938594[9.9991580| [$.7947014[11.2052986] [10-200842<|1 1,2061406|26 
35 e 148.7967313 11. 2032687 10.2993499]11,2041186/25 
3605.797894 9.999 1422 [8.7987 519]11.2012481] [10.9098 75]1 1.25z1059/R4 
3713-7998974'9.9991342] 8 8057632] 1.1992368| [19 900865 *}11,2001026/25 
386818915 9991262} 8.80 276530. 1. 1972347, [15-9098738]; 149810852 
396.8038764. 9991182] 8.804758 311.195 2417] flo. 008818 1 1961236/21 
56.838523 9.999 11010 8.806742 201119325780 f. 8899111941477 20 
4113-807 8192.99 9 020 s 172 11-1912848 10.000S98<11 1:1921808/19 
213.8097 7 720. 999093 8.810683 ü 1. 1893 166 [10-9009062[;1.1902228118 
— 8.8117264 9.99908 56 881264070. 1873 593 [19-0999144 11. 188273617 
446.8 1366689. 9990774 8.8145 89411. 1854106 [10.9009240 11186333216 
455.8155985. 99906910 8.815294 1.183476 [10000930511 1.184401 5/15 
468.8175217 9. 99 988.8184608 T. 1815392 [10-900939:[11.1824783(14 
4:18-3194363 9.9990525 8.8203838 111796162] lo. 0009475 114.1805637 13 
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2 1164909 
rs 
9.184518 


10.89 24409 


10. 8864667 
10 8854787 


19. 8844928 
10.8825276 
10. $805709 


10.9108562 
10.9298131 
IO 90877 7 23 
109077349 
10. 9066980 
10.9056645 
10.9046333 
10.903604 5 
10.9025781 
10. a fe 
10.9005 322 
2/10. 3995 128 — 


10.898495 
10. 8974808 


10. 896468; 
10.89 545 80 


10. 5944500} 
19.5934443 


10.8914396 
10. 8904406 
10. 8894438 
10. 8884492 
10.8874569 


{ 


10. 883 5091 
10. 8815482 


Tang. | 


| 


2 


Secant. 

10. —32⁴3 L. 240955 
10 003 2648 10.913779 
10. o032804 10 9120527 
10.003 296010. 9110300 
10.003 3116 10.9109097 
10. 003 3273 10 908098 


10. 003 3430 10. 9079763 
10.0033 58810. 9069633 
10,0033 74610. 9059526 
10.0033 9040. 9049444 
10. 034063 10. 903938 

10. O03 42 22G. 9029349 
10. 00343 8110. 9019338 
10 0234541 
10. 0034701 
10. 0034862 
10. 03 5023 
10. 0935184 
10.035345 
10.003 5507 
10.603 5670 
10.003 5833 
15037996 
10. 0036159 
10.036323 
10.003648“ 
10. 0036652 
10.003681 
10.003698. 
100037148 


0. 89993 34 
10. 8989442 
108979523 
10. 8969627 
10.8959754 
10.949954 
= 894007 6 


10.38910728 
10. 8Sgoog o 
109.8891274 
0. 888 1580 
10.887 1908 


(0.8852630 


il 
| 
F 


10. 9009349 


10. 8930271039 
10. 8920488038 


0.88622 5862 


— 


65 


59 
53 
57 
56 
55 


54 
53 
52 
Fl 


49 
48 
7 
46 
45 
boy 
43 
42 
41 


E 


37 
36 


35 


34 
33 


31 


10. 8843023 


| Secant. 


— 


82 Degree 


q 


E= Zinc. | Fang | | Secant. 
2 2 1156977. 9962595 [9.1 55 [19.09373 14018. 8843023 30 
50 11665629.99 519 [9.1204943| 19.87 78557 5.003748 10.883343 8 29 
52059 1761255.996235• 9.1213773110.57 $6227! 19-903 7 648 10 88235758 
33p. 41856679. 9962185 [9.12234$2}10.8776518| flo 0037815 10.8814333 27 
34 11951889. 9962017 912255 10.87 566849 19.503 7983[10.58048 2. 26 
55 120468809. 9961849 1428391 lo. 5777 161} 100035151 10.87 795312, 25 
36.9.1214167(9.9961681| [9.1252486|10.3747 5:4} [10.0038 1y[10.57 785833 24 
37. 12236249 9961512 9. 1 262112410. 87 37 888 19.093 84.85 10.87 76376 23 
3809. 1243573967755 9.1271718,10.87 128282) (0.0038657[10. 376695 3922 
399 12424779.99611744 [9 1281303019. 3718697 (0.9938826]10.87 57 52321 | 
4519. 125187 2199961004} 9. 9-1 299565, 10. 8759435 (0.0035996]10 87 748128 25 
419.1261246 9.996834 [9.1300413(10., 8699587 (0.00391 6610.57 38754 19 
42,9.127060019.9960663| 9.130993 7|10, 5690064 10.0034337[10.$729400'18 } 
439.1279934. 9992 [9-13 19442/10- 8680558, lo. 2939308 10. $720066'1 7 | 
44\9-i 289247[9.99603Z21 5.13289 26 10.867 1074 [t. 003 9679110. 871975316 
45.129853 129553919-9960149, . 91338391110, 866160 2.00398 51[10.8704461 15 
4 94357872 9959977 Pb. 9.134735 10. 8652165. [19,0040023[10. e 
47. 1317064, 9.9959804| 9. 1357260 10, 3642740 lO. OOo. 8682930 TY 
48,9-1326297 7505596; 9. 1366665 10. 8633335 [:0-0049369110.56737035t2 
499. 1335509,9-9959458| [9.1376051 10. 8623949 [10,0040542[19.866449 1]L1 
909. 9.1 3447049. 9959284 9.138 1385417 10. 8614583 (0.92497 16 0,865 5298 10 
FI 9 9 135387; 9959111 19 1394704 18. 8605235 lo. oo o8ð/ 10 8646125 9 
529. 13630 289.9958936 9. 1404092 10. 5595908 [10.0041064[t0 8636972] 8 
$319 — 9958761 [9-141 3420 10.8586600 0. 4123 9s. $627 7839 7 
54'9- 13812759.9958586 9.14226 89 10. 857731 [(0.0041414hto. 8618725 6 
825 23903709 995 9958411 9.1431959 10-8568041 10. .0041 5 89] 10. $609630 5 
70 13994459. 9. 9958235 9. 1441010. 5558790 10,9941 763[10-3622555f 4 
14085019. .9958059| [9.1459442| 10.8549558] [:0-2041941[10.8591499] 3 
50 141753 379. 99578820 9. 145965510. 8540345] 1£0.9042118 140.8582463 2 
599.1426555 9 9957705 9.14688 500. 853115 Je. 4229508573451 
6009.143555 9957528 9.147 8025) 5110. 8521975 10.994? 472 10.3564447 2 
Sine. | Tang, zecant.| 4 
82 Heer. 


_ 


Tangents, and  Secants. 


7 Degrees. 


A able of Artificial ines, 


8 Degrees. 


M] Since. ang.“ GSecant. 
974355730995 528 [9.147 8525 10.8187 [10.0042472/10.8564447 
= 9.14445 3219 9957 359, 91487182 10. 8512618] We. ee 
209.14534939.995717 2 9. 1496321 10,8503679 10. 0042828010. 8546 507 
39.146243 50 9956993 9.1505441(10.$494559) * $10-0043007[10,8537565 
4'9-1471358[9.9956815! [9.1514543,19-$455457] j19-0043185110.552864: 
59: 92 9956635 9.1523621/10.94" 63731" p10. 0043365 10.8519738 | 
6g. 14891489. 9956455 | 91532092 10.8467 308 10. 0043544 10. 8510852 
709.1498015 9. 9956276! [9.15417 32,10 8458261] [10-0043724|10-8501985 
80 9. 15508649. 9956095 9.155076 ft. 8449231] 10. 0043905 10.8493136 
99.15 11694 9.995591 [9.1559718210.8440220] fro 0044085[10.8484306 
19/9. 152450719: 9955734 [9-1568773 t0.84.31227] 10. 0044266110.847 5493 
110.1533301 9.995555 2 9.1577748/to. 8422252 10. 0244448 19. 8466699 
1209. 1542076 9. .9955370! [91586706 10-S413294 10. 044630 10.845 792448 
139.1550834 9.995188 9 15956460. 8404354 flo. 0044812010. 8449160 
149.1 3595 749.995 5% 9.1604 5g 10.839543 1 f10. 044995 10.8440 26 
159.1568206 9.994822 2 9-1613473[19-8386527 10.043178 10. 8431704 
1600.157750 9. 9954639 9. 91622361 10.83 77639 377639 |10.0045361'10.8423000|g, 
1519.1555686|9 9954455 9. 1631231 10.8368769] 10. 9045 545/10. 8414314 
189.1594354 9954271] 9.1640083fto. 835991 71 [10-0245329 10 8405646 
1919.160300519- 9954087 9- 1648919 10.835 1081] [10. 0459 131.8396995 
2019-161163919.995 3902 210 8342263 10. 0040098 1.8388361 
2409. 1620254. 9953717] 9,1566538 10.853 3462 10.046283 10.83 797 40050 
2219. 162885309. 9953531 [9.167 5322[10.8324678} flo 004646910837 1147 
2319-163 743419-9953345] Ip 1684589 10.831591 I 10. 04665510. 8362560 
9.16459989. 9953159 9. 1692839 10 830716 j10.c046841110 83 5400. |; 
2519-165454419-9952972] [91721575 10.39298428] flo oo. 8345430 5 
c 9166307409. 9952785 9. 1710289 12.8259711] 10.047215 10 8556550 z 
279. 16715869995 2597 9171898910 8281011] flo. 047403110. 83 28414 
2819.168008 109.9952409 9. 112722 10. 8272328 flo 0047591[10.8519919];: 
20109. 16885 599.9952229 1736338010. 82630662 o. 4777910. 831144. : 
zo 9.169702119- 9952933 9.1744958[10.8255012] flo. 10-0047967 8. -5302979 
Sine. . ang | | Sccant. 


J I Degrees 


2 a 


— — 


— —L— — — 


— Tangents, and Sec Ants. 


—_— 


8 Degrees. 


[499-1 54665 


. [5119 1870923 


481 ne. 


9.995233 


9-9951 844] 
9.9951654 
19 -9y51464 


2 


31 9. 91705465 
329.17 13593]: 
33 9.1722305 
349. 17306999.9951274 
55,9. 1 73997 719-995 1084 
369. i 747 4399 9950093 
37,9, 17557 $4;9-9950702 
38 9.17641 129.9950510 
39.9 177242519.9950318 
4039. 1 780721. 99501 24 


_—_—_ 


42,9.17976 
439.1805 5129. 994954 
449. 15137449. 9949355 
4519- 9.1821960g, .9949158 
469. 18301609. 994896 
479.183 83449. 994876 
48 9. 184651 219. 9948573 
9.994537 
22948181 


39. 9 9947985 
52 9.187 9029/9 


59.994974 


50.9.186 1862804 


* 


[5519-1993 25419-9947 195 


.6019.19433 24/9.9946199 


_— 


9947788 
3.9 188712009, 9947591 


409.1895195 59.9947393 


p 9.19112999.9946997 
$719.191932 $9.9946798| 
58[9-1927 342.9946599 
$919.193534119.9946399 


Sinc. 


415. 115758165 9949933] | 


9.1753022 
9.1762239 
9. 7 7084c 
91779425 
91787993 


lang 


2745840 


0.825501: 
10.824637 


10.823776 


10.822916 
10 8220575 
. 


94796546 
9. 1805082 
9.1813602 
9.830595 
9. 9.189068, 


| 
| 


9 1822106 1.817 
10. 8169453 


_— 


9. 1881196 
9.889575 
597939 
9.190628) 
9. 4914621 


19 1922939 
9.1931241 
9193952 
9.1947 802 


91964302 
91972530 
9.1980743 
9.19 88941 
9.997⁰25 


5 


10. 8194919 
10. 8186395 


7874 


to. 5168932 


9. 1847525 10.815247 
9. 28559606 10. 8144034 
9. 1864392 10.813509 
9. 1872852 10.8127 198] 


10.81 18804 


140.8110425 
10.810206 


10. 8093713 


10. 8085379 
10.807 7561 
10. 006755 


10.806047 | 
10.805 2198 


10. 8027470 


108019257 


10. 801 1059 
10. 8002875 


9.1956059|10-8043941] 


10,:03569d] 


Tang. | 


Sccant. 


19 O 96; 

[0-204d150 
10.0048 346] 
0 048 5 4 
10.048726 

10.0049 : C 
10,004y 107 
10.0049290 
10.049490 
0. 004965. 
10.0049874 
i10,0050067 
10,005 2260 
19,9950454 
12,005064 
10.00 5084 2 
10.0051036 
10.005 1231 
10.005142 
10.051623 

10,0051 819 9 
10-0052015 
10.005 2212 


10.005 2409 
10.005260 


10.052893 


10.005 3003 
10.0053 202 
10. 0053401 


| 


10.0053601| 
10.9053S01] 


4 


[ 
| 


[ 8302979539 
29 

82 50175 
10. 827769527 
LO. $269301/26 
10 826092325 


1 .8294535 


10.825 5610 
10. 8244216023 
10.823 


10. 8210999 
10.8202 735 


10.810984 
10. 8161656 
10.8153488 
19.8145335 
10. 8137 198 
10 8129077 

108120971 
100.8112880 
10.8104805 
10.8096746 


10. 8088701 
LO, 8030672 


7888 22 
1082757321 
10 821927920 
8210999113 
[18 
10.81y4488/17 ] 
10.5186256/10 | 
10.8178040!l5 | 
3 87 
13 | 
12 


Ia ©, 4 8 


— 


e 


81 Degrees. 


A able of Artificial ines, 
9 Degrees. 


Sine. Fang | | [Secant. | 
| <[9-1943324/999461 99] [9.1997 125[10.8992" 5| [10.0053801,10.505657 00 
119-195129319 9945999] [9 2005294[10.7 994706] [10-0054001/10.8048707|59 
2:9. 1959247 9.99457 98f [9-2013449[10.79586551] [10.005420:i10.B804o7 53158 
3(9.1967186[9.9945 59? 9.202158$]10.797 $412 1.05443 10.8032814 7 
| 49. 9751109. 9945396 [9.20297 14 to. 97S to. 054004 10. 802489 55 
: 9.19$2019 9.9945 194 92037528 10.79624 7 5] 19.0054806;10.801698 55 
% 199*913]9 9944992] [9-2045922110.7954973f 10.0455008,10.Boggob7|54 
9 20540 10 7945996 j10.0055211[10.8001 207 53 


9 1998- 9319-9944" 5y 
9 200665 89. 9944587] [9-2062072110.7937928| [10-0055413[10.7903342[52 
9.20 145599. 9944383 20712610. 929854 f o 5617010. 9854911 
920223459. 9944180 5.200866 10.921835 [10-0055S20{10.79* 7655/50 
179.2030167 9-9943975, 9.208619 110.7913809 10.056059. 7969833 
2 9.203 9749.994377 1 9.209423 10.795797 10. 0056229 10.96 20²⁰ 43 
139.2045 6019-9943 566; fo. 21022000. 7897 S000 0. 056434 10. 9542344. 
149.2053545 9. 9943361 9. 2110184 010.7889816 fro. 0056639 10. 794645540 
59.2061309 9.994316 922118153 19.788184 0.25844 10.793 69145 


! 


16 92569059 9.95490 9.2126 10910. 5873891 [10.0057050/\10.7930941 44 
709.2076795 9 9942743; 9-213495i[10.7865949] 10.007257 794320543 

189.2884516 9942537 9-4141930 (0.7858025] 10. 0057463 10 7915484[42 
199. 2092224 99942330 92149894 l0.7850106] 10.0057670{10.7907 776/41 
42099. 20999 17 9.242122 9.215779 10.7 842205 110.0057878 10:7900983[40 
121 9.2107597 9-9941914 9.2165683 10.7 834317 10.0058086 10.7892403]z9| 
220.2115263 999417060 9.2173556[10.7826444] [19 005829410-7884 737138 
2309.2 1229149. 9941498 9218141710. 818383J [10.005850210.787 7086 37 
249.2130552. 994 1289 9218926410 7810736 l0. 0058711010. 869448 36 
25]9.21381769-9941079; [9:2197997/19.7892903] 119.0258921110.7861824];; 
269.2145787 59940870 9.22049 1710.795083 [10-0059 130110 7854215 34 
279-2153 384[9-9949659! [9:2212724 10 7787276] 10. 0059341010. 78466100; 

2809.216096 9.994044 942220518 10. 7779482 to 905957110. 7839033 35 
29921685 369.9402380 9 2228298 10.77 170 fo. 05976 10.783 14640; 
[349-21 7609319:9940027] 2223555 1 28 923588325865 
i Sine, || Tang. | | Sccant. 


5 — Degrees. 


OS 928 


» —•6 


a 4 


Tangente, and Secants. 


43.227311 


 [55]9-236072619.9934624 


Ie — 


6 


a, Sine. 


C 9-217 6092] 
319.2183635 
529.2191164 
339.2198680 


9.9940027 
99939815 
9.9939603 
9939391 
9939178 


350.2213671 2:9933965 


— — —öꝛ— 


-99 37894 
9937679, 


49.228048 119.993 7039 
4.228783 


529.2338992. 
339.2346249. 993 5065 
5419-2353494}9-99348 44 


92443819 10.77 56181 
2251561010. 7748439 


10.7725294 
10.7717605${| 


10.7 709929] 
10.702265 


2297735 
92305386 
2313024 


10. 76869760 


9 2320650 fo. 76793 500 
2328262010. 76717380 
2335863 10. 7664137 
9.234345 1010. 7656549 
9.2351026 10,7648974 L 
19.-2358589/10,7641411]| 
23661390. 76338610 
2373678010. 7626322 
2381 2030.618797 
92388717 — 


2, 7694614 


243354300. 136645) 
24409 ar 755908 
24483 8910.551611 
2455794ʃ 0. 544200] 
2463188010. 243681 | 


Tang. | 


| iSecant.| 
#10.0059973 


lo0v060185 
10. 0060397 
o 0060609 
to. 050822 


| 10.0061035 Ic 


[0,0061248 
[9.0061422 
[0.0061676 
10.0061891 
[0,0062106 


10,0062321 
100062537 
to. 062753 
to. oo62970 
to. 063 187 
to. oo 

o. 063622 
to. 06 840 
o. 064058 


10.823988 


10.781636 
10.7 $0383 
10.7 8013 


10.777839 
10.776354: 
10.775555! | 
10 7749082 
10.7741672 ! 
10.7734275 


10.7 726890 


10. 771951916 
10.721216 


10,0064277 
(0.00644 
10.064715 
0064935 


' $10.0065156 
 [12:2965376]«< 


10,0065 597 
40006387 
[0,0066041 
10.0066263 
P—_ 


10 76682780 9 
10.7661008] 5 
107653751] 7 


10.76465c6] 6 


10.7 63205 
10.7624847] 3 
10.,9617651] 2 
(0.76104 
10.7603298] © 


80 Degrees. 
=] 


——_— 


[ 


* — K 2 Dep wo 


A Table of Artificial Sines, 
_— 10 Degrees. 


Sine. Tang. — 1 
8 239670299331 5] [9 2463188[10.7536812 10.006485 10.76 03298 69 
| a” 9.2403 861 99933292 92470569 10.759431 10-0066708[10.7 596139059 
1 9.241 1007 9933068 [9-247 7939[10.7 522061 10. 066932010. 588993158 
2418141 .9932845 9.248 5297/10. 7514703 10. 0067 15510. 758185957 
45-245 5264.95 32621 9.249264 3/10. 5073570 [19-9067379119-7 57473656 


249997 8110.7500022] [ 0419-02655 


9.250) 301010. 7492699 [10-0067 829/10. 7560528054 
9 2514612110.7485388] 0. 006805410. 75534425; 
9. 252191210. 7478088 flo. 068280 0.7 546368052 
9.2529 20000. 470800 [10 ooo. 75393051 
9.253647 7J10. 74635230 [10-0068732110.7 532254150 
.2543743110-7456257 10.0268959]1 90-7 525216 
9-2550997[10.7449003| [10.0069186110.751818g 
9.2558240[10.7441760] [10-co69413Þ10-75I0L7 [0 
9.2565472\10-7434528] [10-0069641[10.7 504170 
9-2572692 19-7427308 10006986 10+7497175 


9.25 79901 10.742009 [10.0070098[10.74901 97 
9.258709 91 0. 74129010 10.070327 

9.259 428510. 7405715 [10-0070556110.7476271142 
9. 2601461010. 398539 [10.0070786[10.7469325 
9.260862 510.7391375 [10-007 1010110-7462391 


409.9932395 

| 9.243947 219-9932I71 
719 24465 5819-993 1946 

| 809 245363219-9931720 
k 0/9.2460695[9-9931494 
1119-24747 849.993 1041 
120.248 181109. 9930814 
1309.248882 79.993058) 
149 .24958309.99303 59 
r5/19-250282219.9930131 
1619-2509803[9-9929902 
9.25237 4919 9929444 


919-253067 5]9-992921 
9.2537609]9.9923984 


— 
onka > wo 
© 5 
* 
I 
2 
"ey 
3 

3 


21 9.2544532 99928753 2615779 10.384221 10.001247 10 7455468 
| 2219-25 51444 9.9928522] [9:2622921110.7377079] [19-007 147 $]10.7448556 
23/9-25 58344 99928291 | [9 2630053[10 7369947] [10.0071709110.7441656|z7 


9.256523319.9928059] 
9.257211019-9927827] 
897 719-9927595 
9.25$5832|9-9927 362 

: 259267619.9927129 


10,.C071941110.7434767 
10.0972173 10.742 7890 
2651382010. 7348618 [10-0072405[10.7421023];, 
9.26584 7010.7 341530] 10.007203 810.7414168 ; 
9.2665547110-7334453] 0 0072871 10.7407 324]; 
92672613010. 7327387 110-007 3105110. 7400491]; 
.2679669110-7320331] [10-007 3339119.7393610 


Tang, Secant. 


2644283 10.731717 


= — . tbe - _ _ 


79 Degrees. 


| 


339.262672919-9925957 


139 
4 


31,9.261314119-9926427 
32/9-261 994165. 


349.263 3597]P-9925 722 
3519.2642274 9-992 5486 


177 55 9.99 25250 


3719-265377519-9925015 
3819 266050919.99247 76 


5619-27 79911/9.9920445 
579.2786445 9.99 20201 
58 52 


(9-267906g|10.732933 
9.26867 14110.731328c 


9.2693 74910. 730025 
9.27007 7210.729922 


9.2707786 


9 2714788010. 28521: 


10.729221 


9.273573 


92742694 


9.2784242 


9272178 
9.2728762ʃ10.727 1238. 
3 


927424410. 72503 56 
9 27565584/10.724341c 
9.2763 51410. 23648 

9-27 70434/10-7229566 
9.2777343/10-7222657 


10.7278 22c 


10.264267 
19.257300 


10.7 215758 


| 
| 


9.2791131¹ 
9. 2804878 
9.2818585 


10.7 208865, 
9.2798029110.7201991 
10,7195122 
9.2811736|10.7188264 


10.7181415 


9.283 2251 | 

9-2839070/10.716293 
10.7 154122 

9-2852677|107147323 


92825423 


9.284587 8 


9.28 59466 
9.2866245 
9.2873014 
9.2879773 
9.2886523 


10.7 17457 


10.7 167749 


10.714053 

107133735 
10. 126980 
10.7 12022) 
10.7113477 


Tang. | 


190.0076654 


1 


10.873339 
10.007357 

10. 07380 

10 0074043 
10.074278 
100074514 
10,00747 50 
10.0074987 
10.007 5224 
10.007 5461 
19.007 5699 
10.0075937 
10,007 6176 
10. 9076415 


10.076894 


1 
10.393670 
10.7 38685929 
0.73 80059%½8 
10737327107 


10.366493 


10.73597 26/25 
10,7352970/24 
10.7346225153 
. 
10.332768 21 


10 7326255 


10.7319353 
10.7 312662 


10.7 305981 
10.7 299311 


10.7292652jL5 


19.007 7134410. 7286003 


10.007 7574 


10,007 785 

10,007 80g 

10.007 8340 
10.0078582 
10,0078825 
10,007 9068 
10,00793L1 


ee 
8 


10.726612 


10.7279365 


26 


20 
19 
18 


17 
16 


—_ — 
-- 


$0 Degrees. 
ye 


0 "TR 


— 


— — —— — — — 


13 2 2 Table of Artificial Nes, 


II Degrees. 
| [[Fang. Secant. 


598819.991946 9.2836523 10.113477 10 15.588534 e 9 5120 

9 9919220] [9 289326310. 10673 10. 50807 80 10. 7187 51) 59 
9.991894 . 2899993010. 100007 io. oo8 1026010. 18103358 
9.991 8727] . 290671300. 7093287 [10 008127310. 7 17455957 
9.9 918480 92913424 10.7086576] [10.0081 520,10. 716809556 
9.9918233] 2228126 10,7079874] 10. 81767ʃ10. 16184155 
9-991 7986] 9.292681 70.7073 183 10.0082019110.7155197 7155197 54 
3 3991748] 29335 * 70665 10. 008226310. 7 148763 


9.99174 940 7 40.7059828| 10. 006251 100.1423392 
9. 9917240 . 294683 610.5053 164. [10 008276010.71359245! 
loſg.2870480[9. 9.9916991 | 22848910 10.7046 511 10. oo8zoog 10.7129520 0 
1 287687 519. 99916741 29601 34{10.7039866 10.03832591 194-7123125|4y 
12 2863266 9916492 2966769 to. 703323 1 10. 0083 508010. 116740 
139.2889636 9.991 6241 | .2973395|10.702b605| [10.00837 59}10-7110364 
14/9.2896001 [9.991 5990 [9.298001 1|to.7019989] [10-0084010110.71039991[46 
7 $19-2902357 2 9.991729. 298661 810.2013382] [10-0084261[10-7097643145 
1699. 2908704: 991 5488] [9.2993216[10.7006784] [10.0084512110.7091296|44 
9.2 9150409 9915236] 9.2999 804 ft. 0. 7000196 10.0084; 64/10. 7084960 

11 92921367 99149841 19-3=96383110.699361 7} flo. .0o85016110.7078633142 
199.2927 7685. 9914731 - 30129540.698 706 o 85269 f 0. 707 2315.1 
2049. 9.293393 9. 9.991478 9.31271½ʃ¹⁰. 6980486} 10. 0085522 e 


21.294529 5.514225 [9.3026065110.6973934] f. 085775 
229.2946 5809. 99139710 9.303 260.6967391 [19.008602 
239.2952859 9.991371 7 [9 30391430. 6960857 
15 9.304566 710 6. 

9913207 8 


bo. oo 781610. 700966103 
10-00B807 88073 10.003447 


1 


Tangente, and Secants, ' 


CL REED 


11 Degrees. 


87 [Tang Secant. 


88658891197 [ 8420/94 15 $807 31 10-7003447|z0 
$1/9-3002758 9.9911670 9-3091089t0.6908912 10.0088330[10.6997242[29 | 
9.9911412} [9-3097 541[10.6902459] f 0088 588[10.6991047/28 

33/9 3015140(9-99 11.154 9.3 1039850. 6896015 ff. 0888460, 698486 07 
9.99 108968 9.31 10421 190.0089 104|10.697 8683 26 

9.302 7485.991063 93116848 19.50 8 8855 140.6972515 25 
9.303 3644 5.99103 78 3123266 10.0089622119.69663 5644 
: Ol Dams 10.0089881[10.6960206f23 
$19.3945934/9-9909859} [9.31360 19.0099141]10.6954066[22 
10.0090402[19-6947 934/21 

$| [9,3148851 0.685 1149 110.0090662[19.6941811|20 
9.313 10.0090923110.6935697|19 
I85110.6929593[18 
10.0091447[10-6923497|17 
10,0091705410.691 74.10/16 
[0.009197] 106911332015. 
to. o 2234010. 5905263014 
lo. oog a9 to. 6899 202ʃ13 
10,0092761110.6893151 
10,0093026[t0.6887 1 
10.029329-[10.688 1074/10 
10.0093 55 5[10-687 504 
i. oo; Sac to- 869% ⁰ 8] * 
to ooggob(t0.6863024 7 
10.00943 52[10.6853025] 6 


9.324358 10.675641 10-0094 61t110.685103 5 


9:324983212-6750164] [10.0094885}10.6545053] 4 
9.325607 3110-6743927] [10-2995152[10-683907g] 3 
9.3262305[10-6737695] [10.0095420ſ10.6833115) 3. 

.326852 10.6731471 522 59] 1 


— — 


9-3224798[10-677 5212 
9.323 106 1010.676893 
9.323732 10.762673 


9.374720 6725255] [19:999595 10.6821212 E 


— 


Tang. 


4 79 Degrees. _ 


A Table of Artificial Sines, 


— 


77 


Ml Sine. | 
96-317 871 .3178789 
159.3184728 
25˙3 190659 
39.3 196581 


9.990404 


9.993775 
9.9903 506 
9.9993237 
9.9902967 
£ 9902697 
9.321429 79.990426 
32201869. 9902153 


7 
$19. 3226c6519.990188 


919-3231938]9.990161 
10.323 7802 9.990133 


14 

178355 66997 2.989997 
9.272811 ; 
173218617 98 
18,9-3284416 a 
1919-3290206 
3295988 
3301761 
3307527P. 
331328 5.98977 66 
331993 59.9897489 
3324777.9897211 
.3339511]9.9896932 
3336237. 9896654 
3341955.98963 
3347665 9896095 
«3353368 9.9895815 I5 


= 
21 
22 


23 


; | 


93453447 


| 


| 


9. 
— 3427566 10.6572434 


—— 


12 Degrees. 


lang. 


93274745 — 
9.328095 30˖0. 6719047 
9.3287153 10.671284) 


93293343 [0.870665 | 
9.329952$110.6700472' 

9.330419. 6694296 
9.3311872 10.6688128 
9.3318031110.6681969 
9-3324183[10.667 581 j 
9.3330327/[10,6669673 
9. 233364639 10.666? -6663537 
9. 3342591 10.665 7499 657429 
9-3348 " 10.665 1289 
9.33 54823010. 6645177 
9.336092 710.6639073 
9.3367024 10.663 2976 
9.337371 310662688) 562688; 


9.3379194/10.6620806 
9.338526 710.6614733 
9.3391333 10.660866 


9-3397 391[19- 6602609 


10.6596559 
9. 340948410. 65905 16 
9.341559 10.658448 
3421 54610. 6578454 


| 


9. 343357 810.6566422 6566422 


| 


Sine. 


9. 3439593 lo. 6560417 
9.3445580[10.6554420 
9.3451570110.6548430 
9.3437552110.6542448 


Tang. 


—— —— — — — 


Secant. 
10.2095956, I. 
19,0096225, 


o C096494 
9.00967 63 
10,59097033 
10.0097 303|Lc 
10.009757 


10.0097 845/10. 617981 
Io o0g8117[110.6773934 
10,.0098388|10.676S062 


— — 


12.682721 65 


10. 681527 2 59 
10. 680934. 38 
10 680541957 


10.6797 505 56 


10 257 
10. 67 785703 54 
155 

52 
je 


10 0101127 


Io. 0298661 10. 6762198 


10.559893 0. 6756343 
10,0099296{10.67 50495 
19,00999479,10 6744656 
10. 099753010. 6738826 
10. 01000271 6733003 
10. 0100302/16, 6727189 
10.01c057 7,10. 6721383 
10. 0100852 10.6715584 
10. 6709794 


2 
49 
48 
47 
46 
45 
M 
43 
42 


10. 0101403 


10.010195 


10 0101680 


0,0102234 


I0.0IO25I1 
10.0102789 10. 6675223 
10. 0103068 0. 6669489134 
110-0103346[10- 6664768 
'10.0104626(10. 6658045 32 


10.0103905 10-6652335 1 
10. 0104185 lo. 66466 3230 


4 
b 
39 
38 
37 
36 
35 


10.6704912 
10. 6698239 


10.6692473 
410.6686715 


10. 6680965 


= 


3 


Sccant. i 


77 22 


2 a. 


angents, and Secants. 


12 Degrees. 


_- 


[Secant. 


„Sine. Tang. 
7002533889898 [6.3457 552]10.6542448 
3109.33 590629. 98955350 [9-3463527[10.6536473 
329.3 3647499. 9895254] 346949410. 6530506 
3319-33 704289. 98949730 [9-347 5454[10-6524546 
349 33760999. 9894692 3481407 [10.6518593 
3519 3381762 LEGS -3487352110.6512648 
369.3387418 9.98941 28] 6.3493 29010. 6 506710 
37 9-3393065 9.989 3845 5349922010. 6500 80 
386.3398 7065.589356] [9.3505143[10.6494857 
39.340433 809.9893279 3511059 10.648894 
409.3409963 9.989299 385968 10.6483032 
4119-341 55809.989 27110 9.3522869 10.647731 
45.34 21190 9892427 [9-3528763[10.6471237 
43 9.34267 92/9-98921421 $353465c[:0.6465350 
Fetter 9891856 [9.354053010-6459479 
45-3437973|9-9591571] [9-3546402]10.6453598 
469.3443 552/9-9891284] [9-3552267[10.6447733 
. | 47]9-344912 9.9890998] 19.355$126[10.6441874 
4519.3454688[9-98907 11] [9.356397 7]10.6436023 
499.3460245 9. 9890424] [9.3569821110.6430179 
509.3465 7949.890137 [9-357 $658[10.6424342 
5119.3471336[9:9889849| | 3581487|10.6418513 
52/0.3476870|9-98895 3587310010. 641269 
339.3482397 9.988925 9.3593 12600. 64068 74 
549.348 791 70 98889820 [9.359893 5110.6401c65 
55 3493429 2.888093 930473 10.639264 
369.3498934: 9888403] 9.361531 10.389469 
1457 3584434588853 8 4201660381 
58 3509922]9.99819221 9.362210c 10.637 7900 
599.3515405 9.9887 531] [9.3627$74]10.6372126 
boſg 3520880[9.9887239] [9.3633641]10 636635 
TEF Sine. Tang. 


10. 0194183 
10.0 104465 
10 0104746 
1C,010502” 
10.0 10530 
10.010 5590 
100105872 
10. 0106155 
10. 0106438 
10.010672ʃ 
10.0107005 
10,.0107286 
10.010757% 
10.0107858 


tc ET 
10.664093 


10.0108144 
100108429 


10.010900k[10,6550876113 
10. o 10928910. 6545312012 


Io 0110 go. 5517603 7 
10.011 1018Þt0.6512083] 6 


10.663525 
10. 6629572 
10.662290 
10.6618238 


110.6612582 
(0.660693 5 
10.6601294 
10.6595662 
10. 659003 


10.556448 


10. 6539753 


10.199865 10. 653420610 


2 


10.01 12469110. 6484595 1 
10.0112761[10.647912 


2 


77 Degrees. 


* —_— 


A Table of Artificial Sines, 


” — 


Secant. Z 


x Sine | 11 


2 5725880 9.988723 10.01 12761 0. 6479720 65 
19.35263 4905.588694) 10.01 1305310. 6403651, 
2.35318 100.9886653 10 01133401 64681808 


10. ol 1363 7 0.6462736 57 
10,0113930110.6457 29056 


35.353726 9.9886363 
40.3542 71009. 988 60 


9.334310 9.988 5776 10.01 14224010 6451850ʃ5; 
609.35 5358209. 9885482 10.0114518[10.6446418[54 
7193559007 9.9885 188 10. 01148 12010. 64409935; 

3564426 95884894 19,0115106[10.-643 557452 


919-3 569836]9-9384599 
$357 52.4019-9884303 
{ 1119.3 58063 7.988400 
1209.358602 559883712 
5 135.3591409 9883415 
149.3 5967859.9883118 
169.3607515 .9882523 
17 5.36728 999.9882225 


| 189-361 $2171]9.9881937 


119 3084550 9881628 
362889 2881325 
219.3634219 9.988 1029 


10.01 15401010. 64301 641 
10.01 15697 10.64 247605 


9.3696629 010. 10. 011599200. 6419363 49 
9.37023 15010.6297685 10. 0116288010. 641397348 
370599410. 6292 10 0116585 10,6408591147 
.3713667|[10.6286333| [10.0116882[10.6403215146 
(9-3719333110-6285667| [10-0117179 10.6397846 


9.3724992'10.627 5008 | 10.011747 7[10.6392485 
3730645 10.6269 355] [10-01 177 75110-6387 = 
9.3736291/10.6263509] [10.0118073[10.63817 83142 
374193010.6258050| [10 011837 20.637644 
3747563/10-6252437| [10.01 18671]10.63711c8/40 
9.3753ig010.6246810| [10.0118971]to.6365781139 
22'9:36395399-9880729] 5.37588 10010. 62411900 [i0.0119271]10:6360461138 
235.3644852 880429 5.3 76442310. 6235577 [10.0119571]10.6355148]37 
449.3650158. 988 0128] 9.37700 0010. 62299700 [10.011 9872110-6349842136 
25:19.365345$19:9879827] [9-37 75631[10-6224369] 110-0120173]10-6344542/35 
619-36607 50. 9879525 '9-3781225[10.6218775 | [r0.0120475t0.6339250134 
2519.36665309:987 9223 19-3 786813 10.6213187] [10-0120777[10-6333964[33 
£$[9-367131519:987 8921] 9.3 79239410. 62076 f10.0121079110.6328685[32 
12919:367658719.9878618] [9.3797969/19.6202031] [16.01213821r0.6323413ÞÞ1 
 [35]p:368185319.98783 15] [9.3803537/ 10.6196463] [10.0121685110.63 18147 


| Sine. | Tang. | 


— 3 a ; 
_— — „ 


. A. n 


—— ͤ——ſ— 


176 Degrees. 


— 


and $ecants. 


— 


— — 


Sine. 


99878012 
309.9877708 
9. 9877404 
9.987 1099] 
9.987648 
9.987 6183 
9.987 5876 


9.3713304 
9.3718523 
93723735 
9-3 7 2 
9-37341399-987 
9-37 3933119-9374955 
937445709 9874645 
9.374969619-9874339 
37 $4868)9.98 
0.360034 


——— 


9.3765194 99873413 
9.37703479.9873103 
9.37 71549319 
378063309. 
9-3 185267|9-927 
519.3799089 9.987186 
15 575550 15 
539.3801129 9.987123 
3806237 9.98709 
3811339 2.88711 

38164349·98 7029 
53827523 9.58998 
58 9.382665 9.98696) 
5 9.38316829.986933 
6509 38367529.9869841 


— — 
* 


9.98755 70 


9.3*14655]+0.6185345 
9.3820205/10. 6179793 
9.3825748ʃ10 6174252 
9.3831285ʃʃ 6168715 
9.383681 10.163184 

3842340010. 615 7660 
0 9.3847858 10.615214 
85337010. 6146630 


9.391359 510.086. 


9.3919034|19-6080966 
9-3924466]10-607 5534 
[9.3 92989310.6070107 

9.393 531300. S468? 
9.394972 7110,6059273 


9.395 153$10-6045462 
9.3956935110-6043065 
9.3962326j10-603 7674 
9.39677 11110 6032289 


9.3946 136010. 6053864 


Tang. 


Secant.! 
9.380353" 10.6196463! 10.0121685 
9-380910c[10.61 90409, 


10.012195 


100122792 


160.0122590 
10.0 12290 
10.0123 206 


100123512 


100123817 


10.0124124 
10.012443 


10.0124737 


10.0125045 
10.012535- 
10:0125661 
[0,01 2596; 
[0.0126278 


[0.012658S7 
10.012689 
10.012720 


10.012845 


10 0128764110-6198871 
10.012997 6Þ10.6193 763 
0.61 88661 


10.63 12889 


90.630763 5 


[0,6302392 
$0.6297153 
10.629192ʃ 


10.6 2 


106281477 
410.6276265 
0.627106 
10.626 5861 


10.621936) 
[0.62142 


10.6203985 


(0.631814) 


76 Degrees. 


I 


A able of Artificial Sines, 


— 


5 Sine. 
999.3838785 


—V— — 


THE 


9.986904 1: 


I 3841815 
209.3846873 
319-3851 924 
3856969 

59.3 862008 
3 86 70 
719-357 2067 
$19.3877087 
: 9'9.3882101 
109.3887 109 


9.98687 26 
9.986840 


9.9867778 
9.9867 461 


9.9867 144 
9.9866827 
9.9866 509 
9.9868 191 
9.986872 


9. 9868094 


| 
| 


119.3892111 
129.3897106 
1.3{9-3 902096 
149.3957079 
15 9-3912057 
169.3917028 
179.3921993 
189.3926952 
19 93931905 
259.3938872 


| 


9.9865353 
99865233 


9.9864593 
9.9864273 
99863952 
9. 9863630 
9.986330 
9.986298 
9.986266 


943967711 
9.3973089 
9.3978463 
9.3983339 
9.3989191 
9 3994347 


10.6032289 
10.6026911 


10.6016170 
10.60108cy 


19.6005453 


9.3999896 


228 
94021237 
94026558 
94031873 


9.986491 3; 


8 


4 


22 


2119-39417 949. 


9.4005 24010. 5994760 
9.4010578 010.5989422 


10. 6000104 


10. 5984090 
10. 5978763 


15.602133) 
(| 
| 


10.01 30959 
10.0131274 
10. 0131900 
10.0132922 
190.0132539 
10.01 32856, 
10.0133175; 
100133491 
10.0133 809 
10.0134128 


10.597 3442 
10.59681 27 
10. 5962818 


9.437182 
9.442486 
9404778 
9.4953076 
9.4958363 
94063644 
94068919 
94274159 


| 
4 


10.595 7514 
10.595221 


10.594692 

10.5941637 
10.5936356 
10.5931081 
10.5925SI1| 


9.4079453 
9.40847 12 
9. 4089965 
9.495212 
2410045 
9.4¹ 0569 
9.4110921 


10.592054 
105915288 
10.59 10035 
10. 5904788 
10.1994 
10.5 8943 10 
10.588979 


94116146 
9.412136 


2412658110. 5873419 


10. 5883854 
10.587 8634 


* 


10.0134447 
19.0134767 
10.013 5087 
10.9135407 
10.0135727 
10.0136048 
(19.01 36370, 
110.0136692 
10 013701 


10.013 76 
10.0137983 


10.013830) 


10.013863 


10. 0139280 
10.013960 
19013993. 
10. 0140258 
10.014058 


Tan g. 


=”, — 


75 Degrees. 


| 


10 0131590, 


10.0137337ʃ¹⁵ 


Secant.| 


Iv.6163248 
10.6158185 
106153127 
10.64 45076 
10.6143031 
10 6137992 
10.6132960 
10.6127933 
10.6122913 
10.6117899 
10.6112891 


10,6107 58g 
10.6102894 
10.609 7904 
10,6092921 
10.6287943 
160.6082972 
10.627 8007 
10. 607 3048 
10. 6068093 


10.653271 
106048342 
10. 6043419 


10.60256d5 
10.6023785 
10. 6018891 
10. 014 
—— 


decant. 


10.0138955110.6238591 
10.6233590 « 


7 


 Tangents „and Secants. 
| 14 + Degrees. 
Sine. Sccant. 
| 50[0-3985996p-9859416| 10.0140584 10.6014004/;0 
3119 39908789. 98 59089 10.0140911[10.650g122 29 
| 3219 3995754[9.98 58762 10 0141238$[10.60042461|28 | 
| 33]9 400062 5% 9858434 1c. 0141 5660. 5999375 ½7 
349.4005489 9.9858 106 10.0 14189410. 5994511026 
39413928822 E 2 8925 
369.4915201 9.9857449 190.0142551 10.5984799 4 | 
| 37]9-402c048|9.985 7119 10.0142881110.5979952[23 
3854024889 9.9856790 $0.014321C)10.5975111]22 
39]9-40297 24(9.98 56460 0.0143 54<110.5970276/21 
49P-4534554]9-9856129 0 9.40. 844600 
[4119-4939378(9.9355798 3580 2.0144202110.55,60622|19 
4294044196/9 9:9855467 729110.5811291] Þ2-0144533119.5955804[18 
43[9.4949009[9-9855135| [9.4193874[10.5506126] [19-0144865]10.5950991[17 
4419.495381619-9854803] [9.4199013[10-5800987; [19-0145197h10 59461 84/16 
45% 4958617/9-9854471] [9-4204146]19.57 95854] [19-214552S}10 5941385|t5 | 
| 469.4063413/9.9854138] 9 4209275[10.5790725] [19-0145862}.0.5936587114| 
4. 4068203 9.9853 805 19.4214398[10.5785602] [19-0146195]10,595 1797/13 
400.4072989 9.985347 10 9.421951 800 5780485] [19.0146525110.5927013 12 
499.4077669 .9853138 4224628010. 5775372] 0.014686 10. 5922234011 
999.4562539 282853 . E223] 1025 [2.014719 [10.591 7461010 
519.408 7 306 9.9852468 483 810.5765162 10.014753 ·0 5912694] 9 
529.4092068 9.98 52133 [9.423993 5[10-5760065] 10.148670. 597934 8 
539. 409682 9.981798 9. 424502610. 5754974 0 014829210 59031760 7 
549.4015759 9851462 9.425113 10.5 749885 0. 014853110. 5898425 6 
5519-41063 2019-99) 2881125] [9-4255194110.5744806 10.014887 5]1o, 5893680 5 
569.4111559|9-9850789| [9.426027 1105139729 19.014921110.58889g1] 4 
5719-4115 7939.98 50452 [9.426534:110-5734658| 0.014954 10. 5884207 3 
589. 41205229 9850114] [9.4270408[t0.57 29592] [10.0149886]to 5879478] 2 
59[9-4125245|9-9849776] 19.4275469]10-5724531| [10,0150224}10.5874755| 1 
| 60 412996209.9849438 94280525 105719475 10.013503 62ſ10. 5870038 4 
| | S1NC. | Tang. ang. || Yecant. t. 4 
ö 
| 
75 Degrees. 
L EDT TS l | 


þ 


994 4129962 9849438 9.42895 25[10-5719475 
1 9.4134674P8.9849099| [9.428557 5110.5714425 
2.9 4139381.9848 760 [9.4290621110.570937 
| 36 4144082. 9848420 . 4295661110. 5704339 
4148778. 9848081 430069 710.3699303 
3 41 53465]9.9847 740 P 4305727 10.694273 
6.41581 52 9847400] [9.4310753 10.5689247 
719-41 6285249.984”049] [9.4315773 10.568422) 
819.4167 5£619.9846717 4320789 10.567g211 
9 9-44 721 740-384637 5 $25799 1836704201 
109417 683 709. 2845033 | 30804 04 10. 566919 
1119.4181495[9-92456g0| [9.4335805 10 566419 
12 9.4186143[9.9845347 19-4349805 10.565929 
13 9.419795. 9845004] 9.434591 10.56542 
149.4195436 98446 85 4350776 10. 5649224 
51942 0073.98443160 '9.4355757 — 
16 9.4204704[9-9843971] 9.436733 10.5639267 | 
9. 4093 3919-984.3626 prong 10.5634296 
18 9.4213959[9. 9843281 4370670, 10. 5629330 
19 9.418566 9.984293 9437563 140 5624369 
209.4223170 769.9842589 438⁰ 958 Tito. 19413 
21 94227 38019.9842242] 59. 4385538110.5614462 
22 9.423238 9.984189 [9.4390435]10.5609515 
23 9.423697 409. 9841548] 9.439542 6010. 56045 
249.4241639. 9841200 9.440363 10. 3599637 
5 9-4246147 [9-9840352] A210. 941 
26 9.425726 9840503 [9.4410222[10-55897 784 
279.4255299 9.9840 154] b. 4415145/ů0. 5534855} 
28942598679. 9839805 . 4420062010. 5579938, 
£919-42644529.98394554 [9.442497 5110-557 $925 
309.4258988 — 8 10.570117 


10,01 — 
10. 0150901 
10 0151240 
10.015 1580 
10,0151919 
10.0152260 
10.01 52600 
[10.0152941 
100153283 
10.0153625 
10.01543967 


10.5841848 
10.583 7168 
10.832454 
10.5 827826 
10.5823 163 


10.015435 10 
10.015463 
10.154996, 
10.155340 
110.01 55684) 1c 
E 

10.0156374 
10. 0156719 
10 0157065 
10.017411 


10.015707 5757758 
610.0158105 


110.01 58452 


10.01 58800 
10.01 591 48 
10.0159497 


tO, 5818525 


10.5813852 
10,5809205 
10.5804 564 
19.799927 
109.5795296 


10.57 90670 
10.5 78605042 


10. 5870038|65 
10.865326 
10. 58606 19.58 
10.585591 8ß5) 
10585122256 
10 5846532155 
34 
55 


52 
50 


49 


4 


47 
46 


+3 


þ 


3 


10.5781434 
105776524140 
10,57 72224 
10.576762zc|; 
10.5763026[3' 
10.5 758437 


10-5753853] 


10.574927 


10-01 59846110-57 44701133} 
10.01 601 95110-5740133Þ[32 


Tangent, and & ecants. 


"CO 


15 Degrees. 


| Sine. Tang Secant. | 
jp 94268988 9.9839105]| 19-4429883[10.557011;] [1 158895 10.5731012 30 
31 27358858055 9.44347 800.5565216 [10.0161245]i0.5 726459 59 
| 427 o8y 9.983840 9.443968; 10.5 560315 10.0161 590 105721918 
9.4282631'9.9838052] 4444578019. [1001619481195717369 27 | 
345.4287169 9.9837 701] 9.444946 10.555053: 10.162299 1057128316 
35Þ-429170119.9337348) 19445435219.554564] eee eee, 
369.429624809.95369 90 9.4459 232010. 554% % | [19.016300410-57037 7224 
375 4390750 9-9836643 [9.4464107 10.553589;] | 10.0163357J£0-5699250/33 
35 430526719-983629 9.44689 78[10-553 1022 10.01637 10[10.5694733/£2 
399430977 9.9835936| 9 4473843[12-5526157] 10. 01640640. 0-5 692171 
20'9.431428619.98355 9 4478704/10.5521296] [10.0164415j10 568571420 
9 4483561110.5516435| | 10,01647 73110.5681212/19 
4488413 10.55 1587] [10.0165126[10.507 6715118 
9.4493 260 10-5 50674c| | 10.9165483110-5672223/17 | 
4498 10a 10-5501 898] | I0,0165839110-5067736,16 
9.4502940 10.549 O00 10.016615 104356324 5 
4507774(10.5492226 10,0166551 (0.5658777 4 
4512602/10.548739t { 10.01 66g0d[ 10.5654306{1 3 
451742710. 5482573 | 10-0167 265[10-564yS39]12 
.4522246]19-547 7754] 101676230. 56453 77U¹¹ 
9.4527061110-5472939 10,0167981110-5640g92Xtof 
453187 2/10-5468125\ 10. 016833910 3636468 9 
536678010. 54633220 | 10.0168698|10 5632029 8} * 
5414790. 54585210 | 10,01690581[10-5627578y 7 | 
454627610. 5453724 | 10.016941 7110-5623 141 6 
9-4551069]10-5448931] 1 10.016977 7410: 5} 
9-4555857110-5444143 116.51 701380. 5614281 4 
9-4562641[10.5439359] | 10-01 7049gſ10.5609858] 3 
565420[10.,543458c| | 10.017086c|1o. 2 
570194[10-5429 g 10.017 1222$40.5601027] x 


10.542 030; | 


Tang. || 


Degrees 


A Table of Artiſcial Hines, 
| 16 Degrees. 8 — 
own *, ant. 

& Sine. | Tang. | | SECA g rer 
ͤ—— — — — lente hot: 4110.559661 9160 
| 9828416} [9.4574964[10-5425036 © [19.0171584110.5596619]6c 
. OS 94579730 10.540270 10.0171946fl0. 5592216059 
119.4407 784 . 19458449100 5415509, [10-0172309[10.5587818|58 
24412182 4 — 94589248010. 54 15752 100172672 10.5583424 57 
45.442567 8265640 [9 4594501[15-5405999] [10:0173036]10-55 79935156 
40442534 882658 [2459874910.54>1251] [10.0133400[10.5574651; 
$19:4425349 998262300 (9-4503992/10:5396508| [100173764/10:5570272150 
600.4429728 er 9.4653232 10.5391768 10.01 74129]9-5565897153 
| 219 4434103 47 2 9.461296 70.538 7033 10. 0174494 10.561528 52 
944354)88277 zo] [9-451 7697/10. 53 82303 [10 015466010. 55 5716351. 
1954447757 823774 P4223 37727 | SEN LE © 
n 824058 94627 145|10-5372855] [100175592 10.547605 y 
12.445884 82441 [9.4631863[10-5368137| [100175959 3444+ jo 

129.445 59049 92 674 9.46365 76.10.5363 10.0176326 10.55 39750 
1319.4460250 A | [9-464r285110.5358715] [10-0176694[10-5535499|46 
740.4405927 99822938] [9.4645990[10-5354019] [10.017706210-553107314 

152575270 5982256045368 5349776 [19017743110.55 «6741 
| 180 12 4 821831 9.466007 8ʃ10. 53399 22] [10.01 7816910. 5518291042 
189.4481959 ep 462] [9-4664765[10-5335 235] [100178538]19-551377 3/44 
a9 9.448622 J 4 $21092] |9-4969449[19-5330552] [10.017 8908[10-5509460{40 
[449254 9.982071 9467412) 10:5325873 100017927 y110-5305151139 
(219 4494%49 4 ns 9-4678802/10.5321195} [10.0179649110 5500847138 
2219.4499153 9-9819979 9468347 zu 5316527 10.0180021 10-5496548137 
23 . 9819608] 9.4688 139/10 5311861] 10.018039 10.549 22530 
2.477847 .5819230J 9 4692801[10.5307199 100180764112-5487963135 
240516520 8186 [94097059 1093007a7] legs 10548367864 
2 24276804.5618 9.47021 12010 5297888] [10.0181510[10:5479397 33 
27 94520603 9918113 19475616310-5293238 10 0181 883/10. 5475121 32 
289.4524 7. 34711457 10.128855 30 [10-0182256110.547084g]3 1 
: 04533418 99817370] (9-47 16943|10.5283952] |10-or82630]10.54665821;0 
G Si Tang. decant.|M 

Sine. . 
73 Degrees. by 


Iangents, and 9 ecants. 


16 Degrees. 


4737681 


99817370 
9.98 16995 


4746192 
3419-45 59441, 
35]9-4554686,9 
369.4558926 
3 4563161 
504907 392 
99 4531618 
4919.45 75849 


9-98 14749 


1 

419.4580058 
429.4584271 
£2 4588480 
449.4592684 
494526884 
469.4601079 
47:9.4605270[9 
48 9.4609456 
49 9-4613635 
| 50, 9-4617816 
51]9- 9-4621989 
529.4626158 


| 


19-9816620 
'9.9816245 
9.9815830 

9-931 5494 
9.9SI5117 


9.9814363 
9.9813986 
9.9813608 
9.9813229 
99812850 
9.9812471 
* 
99811711 
9.9811331 
9.9810950 
9.981056 
9.9810187 
9.980g805] 


9. 9.9809423 
9.9809040 
9.9898657 
9.9808273 
9.9807889 


$719.4646938 
58 3 


9.9807 505 
9.9807 120 
99806735 
9. 9806349 


89. 9805963 


Sinc. 


Tang 


9.4716646[10.528395. 


94729947 
9-4739192 10. 526080. 


9.4748421010.5251575 


9 4766829 100.5233171 


24788172 210.5214828 


9. 9.4789748 19. Je 
9479431910. 520568. 


9480345110. 5196549 
9.4508011 10. 10.491989 
9481 2566 10.518743 
9.4817118010.51828 
9. 482166610. 5178334 
94826210010. 5173790 
9483719225 


5839818 10.5 160182 


10.018263 


10.01 83005 
10.0183380 
100183755 
10. 184130 
[0.0184506 
to. 018488 
[0.0185260 
10.018563) 
10.01 86014 
10. 0186392 
10. 0186771 
10.0187 150 
19.9137 529 
19. 9187909 
10.188285 
10 0188669 
1o. oi 89050 
10.018943 
10.189813 
10.0190195 
1 
10.0190577 
0. ol 90960 
10.0191343 
190.0191727 
10.019211 


268 5ʃ-o. 5279315 
4725318f10.527468: 
10.527005 
-4734572[10-52654 21 


4743808 10.525619. 
475302910. 524697 


4157633/12-524236; 
7622 2233 10.5237 767] 


477142110. —— — 


10.521113 


MW 


24 


10,0192495 
lo,0192880 
10,0193265 
10.0193651 


10.019403 


483 528610. 5164714 
4344346 10,5155654 
4848870[t0.515113c 
4853390 10.5146610f 


10-535.7210f 


| Yecant.| 


10.5436839 
10. 1424805 
10.542 8382 


[0-5493116' 


10.53y8921 
10.53947 30 
(0.53399544 
190.5386362 
to. 5382184 


10 5378011 
10 5373842 
10. 5369677 
10.536551) 


10.5361361 


8 7 5 
10.348919 
105344781 
10.534647 


Tang. q 


cant. 


10.5466532 35 
10.546239 29 
10. 5458361028 
10. 345380807 
lO, 5449559, 26 
10.54453 544531425 


3 10. 5441074/44 f 


2 
10 5424169/20 
[0.5419942/19 | 
10.3415729]18 ? 
10.541152 
10-5497316/16 } 


14 
13 
12 
111 


2522S 8 


4 


Degrees. 


I 
0 
B 


— 


A Table of Artificial Simes, 


17 Degrees. 


Ml ws 


_ I E ah 


M Sine. 


| 219.4667 609 


9.470461 


129.4708631 


199.473 797 


1239 4753271 


— — 


09. 9 4658355 
119.4562 483 


9.9805963 
9.9805577 


539.4651730 
4 9-467 5848 
9.9894927 


9.9805190 
9.980480z| 
9.980441 5] 


35. .467 9960 
679. 468406909 
719 46881753 
89 4692273 
919.4696369 


9.9803639 


9.98028 
9.98024 71 
9.9802081 


9.9801 690 
9.9 901299 
9.9800908 
9.980051 
9.9800124 
99799734 
99799339 
9 9798946 


1119.4704548 


139.4127100. 
149.4716785 
159.4720856 
169.4724922 
174.4725985 
189.4733043 


9.978158 
9.9797764 
99797369 
9.756575 
9. 9796575 

133419: 2288 2 


229.47 41246 


2119.4745192 
229.4749234 


9 9794593 
14822248 2 


9.9803 250 


9. 22281735 


| 


lang 


9-4853399 
9-455 7997 
9-4862419 
3 
94871433 


94877933 


9.48804 30 


9.488492 


94889413 
94893898 
9.48583 80 

4902858 
94907332 

4911802 
9.4916269 
94920731 


10.514661- 


10.5 142093 
10.513758 
10.5133072 
10.5128 567 


10.5 124067 


10.511957 
105115076 
10.511058) 
10,5 106102 


10.5 10 1620 


10. 5097142 
10. 5092668 
10.5088 198 
10. 5083731 


10.507 9266 


9.49251 
49296 
9.493409) 
«4933544 
4942988 
9.494 7429 
9.4951865 
9 4956298 
9.49607 27 


9.49651 52/10.5034845| 
9.496957 


94973991 


10. 507481 


10.507035 


105065903 
10.561453 
10.5957012 
105092571 71 
[0.5948135 
10-5043 702 
10 5039273 


10.503042 
10.502600 


29 


{10.0205 


= 


| [Secant 


10194827 


10. 0194810 
10. 0195197 


10,.0195973 
10.0196361 
10.01967 5O 
10.0197 140 
10 0197526 
10.0197919 


10.0199876 


10.0200268 
10.0200661 


1 0.020105 


10.020144 
10.0201842 


19.020263 1 
19.020ZOZ 7 
190203422 
10.0293818 


105184423 533651) 
110.5332391 
10. 5328270 
10193585 


10.1983 10 10. 5295452 
10.019801... 5291369 
10. 0199092 10-5 287290 
10. oi 9 SAO. 5 283215 


10. 0202236010. 52 5480» 


—— 10. 5234641134 
10.2046 1210.5 230620 33 
10 0205009110. 522660432 

$97 10 5222591 
10-020580; 05 oe bd he 


3 


10.534064 
— — — 


10.5 324152 
10.320040 
10.531931 
10.531827 
10.330772 
10.5 303631 
[0.5299539 


10-5279144 
10.5275<78 
10.5271015 
10.526693 
105262903 
10.258854 


10 5250766 
10.524672953 
10. 524269636 
10.J2386006 35 


72 „ e. N 


— 


— — . : 
| Tangents, and Secants. 
| 17 Degrees. 
rp Sine. Tang. | | [Sccan C., 4. 
3 9-47$1418[9.9794195 9-4987 223 22 3019.581477 10 0205805 70.521855 39 
3119.47$542319-9793796 3 o. 00837. [10-0206204[19.521457 7 29 
3219.47 894239793 3980 . 49962600. 500397. [10.02c6602]i0 542125772 
33.4793 4299. 9792998 [9.5c00422110.499957t] [to 020700-[10.5226580,27 
3419.47 9741 209.9792598 9.081 4995180 10.220740z[10-5202588,26 
3519.480140119-9792195| 19 5009203[10.499979*| [10.0297 804/10.5 198599. 25 
36 4805385[9-9791 795] 9.501 3588 10.4986412 10.020825. 0.5 194615 24 
719 48093 669.9791397 [9.501 7969 10.498203 lo. 0208603 Ito. 5190634023 
385.4813342 9790996 [9.5022347[19-497 7653] [10.0209004[i0. 5186658 2 
39 48173159 979594 9.5026721019.49 73279 [10.0209456]10.5182685|51 
499.4821283 9.979019] 0109 210.49 8908 fo og 1787179 
4119.4$25248, 9-97397 89] 9 9 5935459, 10-496454 | [10.021021 1119-51747 5212 
4219.4$29208 9.97893 86 2 3039822 10.496017) | 0,2106 401.5170792 18 
43 483316509. 9788553 9.50441 8210. 4955818] flo. 921101710. 5166835 U7 
449483711719. 97 8877 5 9.504853 8 10.495140 (190.0211421. 5162883 16 
45 9.484106 9.978817 5] '9.3052891 10.494109 [10.0211825]10-5! 58934 5 
46'9. 48450109.9787 7 I; 557 10.4942 60 10. 021223010. 515499014 
4719484895 119.97 $7365] 9.50615: 6/19, 4938414] (10.021263 5/10. 51 5104913 
489. 485288809.97 $6960 9. 506592$[19.493427:] flo. o21 3040 10.5 1471122 | 
499/4856820 97865540 '9.5070267/19.4929733| [10.0213446]19.5143180J*1 | 
599. 9.4850 7499 9786148 9.5074602) 10.4925 39d, E 3139231 ö 
Fl 9. 4864574 9785741 9 507 8933 10.492 1067 flo. 214259110 513532 9 * 
529. 486859519. 978533 9.5983261110-4916739) Iro. 0214666 10.513140 8. 2 
339. 4872512. 9734927] 9.5087 586110-4912414] [10.021507 2110.5127488] 7] | 
5419-487 6426|9.9784519] 9.5091907|10.4998093 10.021 5481J10-512357 4 
55; 9.4880335|9.978 9.9784111] 9.5096224|10-49037 70 E .021588g]10.5119665]_5 
5619.48 83240 9.978 9783702 9.5 100539|10.489946) [10.02162g9$[10-511576 4] * 
5719-4888142/9-97953293] 9.5104$49[10.4895151 [100216797 10,5II1858] 3 
Tp 9 9.9792883] 9.5109156 10,4890844 10 o 2171170. 5107960 2 
525 48959349. 9782474 9.5113460[10.488654c] [10.0217 526110.51040669] 1 
60 9.4599924 9.97 $2063 9.5117760 — [10.02175373110.5100176] © 
i - — "FO. — — 
Sine, | | Tang. decant. [9 
72 Degrees. 
: K 


— —— 


2 


— — — xz 


2 Table of Artificial Sines, 


18 Degrees. 


e.... 
09.4899 824 


9.4903 710 
219-4907 592 


9.9782063 
9.9781653 


9.971241; 
9.97 $0830 
9.97 80418 
9.97 82026 


9.9779593 


36 4911471 
45.49 15345 
5.49 19216 


9.4923083 


9.49 308009. 9778766 
99493466 9.97783 53 
— 9.483013. 97728528 
| 1119.494236-[9.97 7 523 
' 12/9 49462051997 77108 
13 9.49500 469.97 76693 
149.495388319.977627 7 
; 15'9.4957716[9-977 75560 


1694961545977 5444 
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29Þ.497682419:97 73772 
21 9.458063 5%. 9173354 
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10. 4882240 | 


10.4577943 
12.487 3649 
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9.9760167 
9.9759736 
99759303 
22238879 


9.5111716 
95115397 


9.512274 


— — 


9.5 126419 


9 9758437 
9.975: 004 


9.51190749 9757570 


99757135 
9.97 56701 


Olin. 


l 


9-9764464 


Tang 

9. 5245195 
9-3-4939) 
95253585 
95257779 
9.5261966 
9.5266150 
9.5270331 
9.527450 
9.5278682 
9.5282853 
9.5287021 
9.5291186 
9.529534" 
9+5299505 
9.532365) 
9.307813 
9 5311961 
9.531607 
9.320250 
95324399 
:9.5328526 
9.533659 
95336789 
9.534916 
9.5 345040 
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0.474015⁰ 
0. 4736613 
4 0.4733073 
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10. 4105599 
10.4101 1 
10. 4098119. 
10.494383 


10.529890 


SEcant. 
10.029848: 


t9:4456708|62 
19.445341Ig|59 | 
(0.445013 2155 
144468486) 
10.4443 56756 
10 4440289 55 
10.443 7013154 


10.0299453 


10.029993 9! 
10,9500426 


10.050091 3 
10.030 1400 
10. 0301888 
10 0322276 
10. 9302864 
10. 0303353 
10. 0303 842 


5 


104433741153 
10. 443047154 
10. 442720451 
10.4423 423940 0 | 


10.0307280 10439792 42 


hy o. 4090649 
10.408691 8 | 


10.4083 188 
10.479401 


10. 4075737 
10.407 2015 


10.404872 
10. 400802 
10. 4057149 
10. 4053439. 
10.404973 
10.4946225 


| Tang. 


10. 4068295 


10.03 117 3010. 4368879033 


10 0307 773010. 459469 
10. 030826610 439145 40 
104388221 39 
1003092544384 
10030974800. 4381763 
10. 2 3 


5 1837255 34 


10-0312227 uy 32 


=” 8 W 


— —ů — 
= 


Tangents, and 


— 


SECANTs.. 


5 2 MM Rd. 2 


8 8 


— —_—c 


„Sine. 
— 
4: 


—— 


9-56427 5 


——_— 


319.5643960 9.968628 
529.3647103 99685783 


419.5675868 


4219.567 9944 


45 :5688555, 


5 
5719-5 726362 


43.56822179.96 802) 
449.568 538 709.9679771 


469.5691721. 
479.5694883. 
36980430 
499.5601 20019. 


519.5 7075069. 

529.5710656. 
531945 71380219. 
.5716946]9- 


5713226. 
585.5729495. 


57326269. 
9373882298852 


— 279 


539.5650363 9.965528 
349.5653561 9.9684785 
359.5656756 9.9684286 
369.5659948 99683786 
375.5663137 99683285 
389.5666324 9.9682784 
_ 139 5669508 9.9682283 
2 5672689 


99681781 


9.968077 


9.967926 


Sine. 


"RE 9-5953975 


9.595767 
5965079 


[9.59687 56110-4031 224' 


9 597247 


8010. 403 862 


— — — 


9.5976162 — 
5.579852 10.4 6145 
9. 5983540 
19.5987225/112-4912775 
9 5990938, 10.4999292 


0.404622 5 
10.404232 


10.403492 


10. 40275304 


10. ic460 


9.5 99458800. 4005412 
9.599826) 10. 4001733 
9.601943 


6005617 


9. 6009289 10.399711 


10. 3998057 
103994383 


9.60 16625 


9.602029 10.397970 
9.6023953 010.3976047 
'9.6027613110.3972387 


96531271 


9.60349 25.10. 3965073 


9.6538581 


9.6042233[10-3957 767 
9.6045882 [0-39541 18 
9.6049 529]10.3950471 
9.60531 74[10.3946826 
''9.6056817[10.3943183 
710.3939543 


| 


'9.6012958$|19.3957042 


10.3983375 


———— 


10-39687 29! 


10.3961419 


110-3935904 


Tang. 


[0,0313221 
10.0313719 
10.0314217 
10 0314716 
10.315213 
[0.031574 
10.0316214 
10.0316715 
100317216 
10.031771) 
10.03 18219 
10.031872 
100319223 
10.319726 
190.0320229 
10.3207 33 
10.0321237 


10.0321 742 
10.032224) 


10.435283) 
10.434963) 
10.4346439 


10.434052 
10. 4336863 
104333676 
110.4330492 
10 4327311 
104324132 
104320936 
10. 4317783 
10.43 14613 
10.431144 

10.430827 


100322753 
10.032329 


100324779 
to. 325287 


100325795] 


10,0326303 
10,0326812 
10,0327321 


10.0327 831} 
10.032834 


10.429619 


| LS 
Secant.| * 
0 (0.4359246 39 
10.4356049 29 


28 
27 


104343244 25 


24 
23 
22 
21 
; 
13 
18 
17 
16 
" 
14 


r0.4295645J10 
100323165 to 429249 
10032427200 42893 


68 Degrees. 


L 


. 
* 
: 
% . 
. 


. aw . 


4 Table of Artificial Sines, 
22 Degrees. 


8777721 


( 8 


9.5760685 


1019.5 766892 


919.5763799 


— rms 


9.9671659 


9.9671148 
9.967063 
9.9670125 


9.96696 14 
9.9669 101 


996685 88 588 


9.966807 5 
9.9667 562 
99667048 
9.9666533 


119.5769991 
1219.57 73088 
1319-57 76183 
9.5779275 
1519-57 82364 
1619-57 $5450 
179 5788535 
7 18 4 5791616 


1609. 5816177 
9.5819236 


9.5825345 
228283270 


33 


9.5822292 


9.9666018 
9.9665503 
9.966498 
9.966447 1 


9-9663954 


969663437 
9.9662 920 
9 9662492 
9.9661884 


777219-9661365] 


a4 9660846 
9.9660326] . 


$19-9659806 


9.9659285 


29.9638764 


95658243 
99657721 
9.9657 199 
9.965667 

9656133 


Sine.: 


Src 


Tang. | 


9.6064996110.3935994 
9.6267732z (93928634 


9-5071366|10,3928634 
9-6274997110-3925003 
9.607 8627 10.3921373 
9.6082254010.391774 


9. eels 3914120 
3 


9.608903 10.391049 
9.6093 1210.390687 
9.6296742110.3923258 
9.61003 59 493899641 
6103973 to. 3896527 
9610758010. 3992414 
9.6111196 0.38888 04 
56114804 10.388 5196 
9. 611840915. 3881591 
9.612253 10.3877987 
9.6125615ʃ10.3874385 
9.61 2921410. 3870786 
9•613281 210.3867188 
9.613640 10.3863593 
/9.6140000] 10.3862000 
9.6143591110.3856409 
5 6147180[10-385282 
9. 6150766ʃ10.384923 
9.615435 19.384549 
9. 6157934 10.3 842066 
9.61615 14ʃ10 3838486 
9.61653 10.383497 
9 6168669'10.3831331 
wy .6172243/10.3827757 


Nr Tang. Fang. 


10.034123 


Secant. = ls 


10.03 28341 10. 4264240 
10.032885 2ʃ¹⁰. 104261120 
10. 032930310. 72579975 
10. 032987510. 4254877 

10.03 30386010. 4251 7000 
10.93 3089yf10. 4248644 
110.0331412 104245532 
10357843 10424242253 
10. 0332438 04239315 
10 0332952110. 4236210 


10. 0333982 10. 423000904, 
10.033444 7,10-4226912 
10.033 5013ʃ10.4223817 
10.03 35529110. 4220725 
10.336046 10.421763 
10.53 36563 
10.033 7080 
10. 0337598010. 4208384 
10.0338116|10.4205305 
10.03 3863 510. 4202228 
10.0339154 


10.486884 


10 421455044 
1042114650 


190.4199155 
10.03 3967410 4196083]; 
10. 034019410 41930144 


10. 0341757 
10.0342279 
10 0342801 
10.0343323 
10.343847 


| 


10-4183823 
10-4180764 
10.4177 50d 


104174655 


19.417103 
Secant. 


3 

42 

41 

45 

9 

8 

| 7 
10.0340 15/1041 4282844, 
3, 

4 

3 

2 

i 

30 

M 


67 Degrees. 


57.590984 1% 


59068 700. 


589.5912823. 
599.591 580319, 
9.591$78919-964 


[9.6264454[19-3735546 


Tangents, and Secants. 
22 Degrees. 
* Sine. | | Secant. | 

— 5 3 95128397 9969 9.9656153 10,0343847|1 14177683 30 30 
31,9.5831445|9-965 5630 10.0344; 7-[19.41685 55 29 
755 583449 ½.9655 106 6. 10.034489 400.4165 509/28 
359.533 1535/9 9654582 0 0345418[10.4162465/27 
340. 58405 76/9.9654057 10. 5345943010. 415942426 
[359584361 5/9: 9653532 9 6190083|10 10. 380991) 10.346468 0104156385025 
69.584565, 567300 |9-6193645/10.3806355] [3469541075330 
30 9.584968 55. 9652480 6.6197 20510. 3802796 [10.0347525[10.4150315123 
17 58527 19. 9651953] [9-620076210-3799238| [10.0348047[10.4147284/22 | 

39,9 5855745[9-9651426 6204318 19.3795682 10.0348574 
400. 5858771 9. 9650899. 6207872 10. 3792128 10.0349 10100 414122940 
4% 586 795 9. 9650371 [9 621 1423|/19-3738577 to 0349629 104138205 19 
42,9.5386481619-9649843] |p-6214973/10.3785027} [t0.0330157 $7 10.4135184/t8 
43;9- 2877833 9.96493 14) [9.6218520 10.3781480| [10.5350686 10.4132165|17 
þ 449- 5870851 9648785 22056 10. 3777934 [19.035121510.4129149/16 
2 587386 59.9648256 22999 14224395 +3774391] [19.0351 744[10-4126135/15 
298777 5876876 564772 622915010. 3 770850 | 10.0352274[10.41231241t4 
[#7 5879885[9.9647195 .62326g0|10. 3767310] [t0.0352805[10.4120115[13 
48 58828929. 9646665] 9.623622 10. 37637730 flo. o35333 50.41 108112 

490.588 5896 9 9646133 P. 6239763 fo. 3760237 fl 0.35386) 
709.5888897 9.98402 [9.62432961]19-3756704| [10.0354398}10 0 
515 58918975 96246827 1,3753170 [100354931 9 

5219.5 894893 9. 62503 5610. 3749644] 10.03 55463 
(53 58978889. 9644004 [9.6253884|10-3746116| 110,03 55996 10.4102112 7 
5419-5900880[9.9643470| [9.6257429[19-3742591] [10.035653o[t0.4099120] 6 

55 3903869 9.964293 7] . 62609 3a lo. 3739068 (0.9357063110.4096131 


. Table of Artificial Smnes, 


nn 


23 Degrees. 


Hl 9-6320527 


2{10.3634278 


10,3714460 
10.3710952 
[03707447 
10.3703943 
gle Teraz 
$1r0.3696942 
10.3693444 
[0.3639948 
10.3686455 
[0.3682963 
10.3679473 
10.367 5985 
(10-3672499 
10-3669915| 
4468[10.3665 532 
10.3662052 
640.3658574 
300.3655097 


o. 3648150 
1K 0. 3644679 
10.364120 
10 3637743 


10. 3630815 


10. 3623894 


10. 036404310405 7487152 


10. 0366747 


0.036728 
e 
I 


S[[0.365t622] 


103627354 
10.362437 


[10-037 602: 6022110; 0.3993903 30 


Secant. 


10 8359735 10.481220 60 


10.3602 7610. 40782459 
10 036081; 10407527258 
10.0361350ʃ10. 40% 23025 
10.036188 810. 406933450 
— 4066369 55 
10.0362964 10 406340054 
10.0363 350410. 406044553 


10 0364583 
10. 036512300. 405157860 
10.0365 6041 D. 4048627 
10.0396205110.404567 8143 


0.03683 75110 4033997 
10. 0368918010. 403090043 
10. 0369462010. 402803 842 
3 104025103 I 


104937109 CD 
19.037 1642fI0 401632: 138 
| ab Ladebe 1 7, 


10.0332811104507559|; . 
10.037382 10.400443 34 
10.3743) 1040173033 
2 
10.37 5475010 3951061 


301 9/0. 3615981 
IT any | 


| Tangents, and Secants. 


: 23 Degrees. 


„Sine. | | Tang, Secant. 


509.6555 6506997 9.9557 9.962397! 9.6383015 9110. 3610981 :10.0376022 10.3993003 30 | 
31 6019901 9.9623428] 9.638647 3/10. 361554 10. 6376572 2/10, 3990095 29 | 
5296012853 9.9622878J 9.63 8992510. 36100575 100377122 

539.6515703 9. 285137 9.639337 5119.36066:5 ic. 0377672110, — . 27 
349 60186 009.9621777 [9.6396823[10.3695 17 7 10.037822310.398 140026 | 
375.5521495 921446 96400269 1C lO. 3599731} 1. 10.347875 4010. 3978505 25 


— 


360.6024388 9. 9620674 9.64037 14010 3596286 100379320010. 39756124 
37 9.69 2727809. 9620122] [9.6407156|19, 3592844 [10-0379878110.3972722 23 
3$]9.6230166/9.9619529] [9.641059;[10. 353949} 10.0350431 L10.3969834|22 
3919- 6033052/9.9619016] 9.641403 6010. 3585964 0. 03 So 84H10. 3966948021 | 
495.6037936. 9618463] 9.647473 £527 10.035153[19.3964964|25 | 
41 9.6038817 9.96179 09 [9.642090e[10-357 90 10.035209i[10.3961183 19 
425416969. 9617355 [9-6424342[10.357 5658] flo. 03826451 .395 8304 
43.604457 3 9.96168 9.647773 10.3572227] [10 -039320c110.3955427 17 
445. 474489. 9616245 [9.6431203]10-3568797] ff0. 03837550 3952552ʃ16 
45].6050320(9.961 585 9.643463 110.3565369 [10.0354311]10 394968 15 | 
46]9.6053190j9.9615133] [9643505 7110.3561943] 038486710. 394681004 = 
47]9-605605719-9614576] [9.6441481110-3558519] [19.9385524[10.3943943\15. 
459.605 892319.9614020] [9.6444993[10 3555097] [10.033598c|10.394107 7/12 


499.606 17869. 9613462] [9-6448324[19-3551676] [10.038643t}10.393 821411 

909.5064647 9.961 2904 9. 9.6451743 10.348257 10 5 1099 10.393 5353010 

519.8867 50609. 9612346 [9.6455 160f10. 3544840 [10.2387 654]10-393249 91. 

529.6073629. 9611787] [9645357 5119-3 541425 t>.03884:8h1G. 3929635] 8 

145 +607321619.961122 9.646 19881 0.3 538012 [1003887 72110.39267 50 7 
6 


607 891809961010 9.64688 10 19.331199 [10. 0389802 lO, 5921082 


3 
125 606809 9610668] [9.646540c[10.35 34600] [10. 038935: 10. ted 
9: 


55 n 
56/9-6081765|9-9609548] 9.647241 710.5277830 [10.059045. 002919239 
5719-6c$4611]9.9608987 9.6415624110-3524376} [10.0391015[10.391538 3 
58]9-6087454/9.9608426] [9.64 ;9028[10-3520972} 110.0391 574}19.3912546| z 


59[9-609029419. 9607 264 9.648293 100.3517509 10.0392 1360. 3909 0 
63 9 6093133[9.9607302 9.648 5831 10 314109 10.039269 flo. 3906867 


Sine. Tang. ang. |, Secant.\ 


66 Degrees. 4 | 


—— 


A Table of Artificial Sines, 


24 Degrees. 


MI Sine. 


| ©/9-6093133 
119:6295969 


429.8898803 


309.6101635 
4 6104465 
5 6107293 
619.6110118 


9.9607 302 


9.96067 39 
9.9606176 
9.960561 20 
9. 9605048 
9.964484 


9.9603919! 


[1 . 
Tang. 
9.648583 1 
9.6489230 
9.6492628 
9.6496023 
9.649 9417 
9.650280 
9.6506 199 


| i 


19.3514 69 
10.3510 70 
19.777375 


10.3523977 
10.3 500583 


3427191 
i 9. 3493801 


YECAaNT. 
10.9392699 
19,0393261 
10 039382 

I0.0394388 


10 


10 
10.039495 2f0. 3895 53 6 


10.039608 100.3889882 


10. 390403 10%, 


; 


90119755 
898365 


— 


J4 


10. 0396646010. 388705 

10 0397212010. 3884238 
10.039777 10. 3881420 
10. 0398343 10.387 8603 
(10.03989121j10.3875759 
19.0599480/10.387 297 7, 
10.0400048[10.387016;7 
10.9400616,10.3867359 
10.0401185110.3864554 
19.0401 754 10.3861750 
10. 402324 10. 3858949 
19.0402894 10. 3856150 
10 0403465 10.353353 
4942619480079 
10. 0404607 10.384766 
10.0405179,10.3844976 
10. 40575210. 38421880;) 
10. 04063 25 10. 3839401036 
10.0406 898 10.3836618 35 
10.04074721t0-3833836[34 
10-0408046]10-3831056|33 

10.0408620[10.3828279jz2| 
10.040g9195]t0.382550 


10.04097 71110-3822730 
—  ——— — 


ISecant. 


10. 3490413 
10. 3487026 
10.3483641 
10. 3480258 
10.347687) 
0.347349 
10.347019 
9.653327 10.3466743 
9:6536631110.3463369 
9.65400 10. 3459996 
9.654337, 10.3456625 
9.654674 193453256 
9.65 501 12 10. 3449888 
9:655347 7,10-3446523 
9.05 56B41110-3443159) 
9.6560204 10.3439796 
9.6563564 10.3436436 

.6566923 10.343307 7 
9.6570280 10 3429720 
6573636 10.3426364. 
6576989 103423011 
6580341/10.3419659 
6583692 10.341630$ 
95587041 10.3412959 


| Tang. | 


9.6529587 
9.6512974. 
9.6516359 
96519742 
9.6523123 
9.6526503 
96529881 


76.6 9623354 
719-611294119-9623354 
$19.611576219.9602788 
9.61 18580[9-9602222 


9 
x0[9.6121397[9-960165 5 
119.6124211 


9. 9601088 
129.6127023. 9600520 
139.6129833 99599952, 
149.6132641 


9.95993 84 
159.6135445 


9.998815 
169.6138250. 9598246 
| 17/9-614105119-9597676 
189.6143850 
199.6146647 


9.959706 
20 9.6149441 


9:9596535. 
9.9595964 

21,9-615223+4 
122 


- 


10. 39551610 0 


9.9595393 
9.6155024 


99594821 
23'9.615781219.9594248 
24 9.61605 9919.959367 5 


3102 


— _C_ 


. [> 
—_ . 
1 
© QA 
— —— 
G 5 
G9 
\SH \gI 
2 
K- 
S S|© 
2 |S 
2 \A 


—_ﬀ „ ˙—  *. e ww, . R 


| | Tangents, and Secants. 


24 Degrees. 


Sine. Tang| Secant. 
709.6177 98888229 6587041 10. 3412959 1.840977! (0.38227 30/30 
31/9.618004119.9589653 6590387 10. 3409613 10.804103 4: [10.35819959]29 
329.6182809 9.958607: -6593733[19.3406:67] [100410923[19.3817 191128 
33|9-618557619.9588500] 19.6597076Þ0.3402924| [1c.041 152c[10.3814424]z 
34 9.61883419. 95879230 [9.6620418 10. 3399582 lo. 041207 lo. 381165926 
3519-619110319-9587 345] .6603778 10 3396242 [10.041 2655[10.380889725 

36.6193 864.9586767 .660709;[10.3392903| 100413233 140.3806136 24 

9,6196622 9.9586 1880 6.66 10434010. 3389566 10041381. 10. 380337823 
385.6199378. 9585609 . 6613769 10.338623 i] 0.041439 10t0.3808622ʃ22 

396. 62021 329. 9585030 .6617103]10.35 2897] [10-£41497c[10.3797868[21 
4p 6204854/9.9584450] [9.662043410.3379566 19:241555-10.3795116]20 
4119: 6207634995 9583869} [9.6623765]10-3376235] [1%-0416131[(9.3792366|19 
429.6219382 59583288 662709; 10. 3372905 10.041671. [(2.378961$|18, 
4362131279 9582707 .6630420[10.3369580] [9-0417295[,0.3786873]17 
440.621587119-9582125] [9.6633745110.3366255} 10.041787 5.10 3784129/16. 
45 9.621861219-9581543] 663706910. 3362931 100418435 lo 3781388[15 
4 9.6221351/9.9580961 9.66403 91 10.33 59609 10.041 9039] 0-37 7 8649 14 
475.6224088 9.95 803 78 9.66437 11010. 3356289 f. 041962210.3775912ʃ13 
489.6226824 9. 9579794] [9.6647030[10 3352970 10,.0420206[(0.3773176|12 
4919-622955719-95 79210] [9.6650346110-3349654| [19-9429790[10:37 7044311: 
500. 623228719. 95; 626] [9 9.665366. 10-3346335] [19-24213 74110-3767 71310 
519.623 5016 9.957 8041 0. 9.656975 10.3 343025 19.421950. 3764984 2 
52 62377430 9577456] [9-6660288 10.33397 12] 19:04225441t0-3762257 8 
530 62404689.95768 70 [9.6663598[10.333642:] [10 04231310-3759532| 7 

62431900 9576280 [9.6665907[10.3333093) [19-0423710þ10.37 56810] 6 

55 624591119:9575697] [9:6670214112.3329786) 119:2424303110.3754989] 5 
.624862919-9575110| [9.6673519]10-3326481 e 10.375137 4 
5.251340. 9574522 9.666823 10. 3573377 10.042547 8010.3 748654 3 

5. 62540609. 95739340 9.66801 2010.33 19874] 10. 0426060 10. 3745940 2 
.625677219-9573346| .668 342610. 3316574 ll. 0426654 1037432280 1 
9.625948319-9572757 — 10.331275 | [10-0427243[10-3740517] 0 
Sine. Tang. Sccant. o 


65 Degrees. 


* 


Af Artificial e, 
* |: _ ee 


Cm. cs 


di Sine. Tang. | [Secant 
9 9.9572757| 9-6686725]10.3313275| [10.0427243[12-3740517(65 
T19.626219119.9572168| 9.669023 10.330995 10.042783 20to. 3737 8090) 

29.62648979.9571578 9.6693 319.1 ö. 33066810 00428422 10. 3735103558 

319-6265621]9.9570988) | 10. 3303387 [10.042g012[t0.37323991;57 

79.627030; 0p. 95 7097 9.6699906[10.3300294 10.429603ſl0. 372969750 

. 627 300300. 9569806 9 6703197 [03296803 10.90432194;10 372699755 

| 6 9.6275701ʃ9.9569215 | 10.3293514] [10.04397851]10-3724299/54 

119.6278397 9.9568623] 9.6709774{10:3290226 10.043137 7110.3721693[53 
59.628109 9.956803] 9. 6713060 10. 32869 40 [10 043 197010. 3718910551 
99.6283 782 95674371 9.6716345/(o. 32836553 10. 043256310. 3716218651 
9.628642. 9566844 9:6719629110-3280372] 0 0433170 10.313528 Jo 
1119.6289162[9.9566250| '9.6722910 to. 3a 0 [10.0433750 10. 35 10849/49 


— 


129.6291845.9565656 9-6726190[t0.327 3810 10.0434344 10. 37081558 
139.6294529 9.y565061] 96729468010. 3270532 10. 434939 10.370547 47 
149.6297 211.9564466 9.6732745/10.3267255 10.043 353410. 37027 89146 
159.6299890 92563820 9.67 36020 10.3263980 10.0436130110.3700110145 


168.6302 568[9-9563274 9.6139294/19.3260706| 10. 043672610. 369743204 

6305243562678 9.67 42366 10. 3257434 119.0437322[10-36947 57/43 
1 8 9.6307917 9.9562081] 9.6745836 10. 3254164 10.043 1919110.3692083|42 
19 9.63 10589 9.9561483 96749105 10. 3250895 [10 043851 7[10-36894 111 
2009.631325 809.9560886 19-67 $2372110-3247628| [10.043911410-36867 42/40 
3 — 4 — — e 


21 9.6315926 9560287 9.675 5638 10. 3244302 10. 043971310. 368407439 
22 6318591575689 6758903 10. 3241097 10. 0440311 19368140900 
23 6321255. 9559089 96762165 103237835 ret gb; 37 
: 2419.632391619.95 58490] 9.6765 426 10.3234574]. [10-0441510[19.3676584}z6 


2519-03265 19199557990] 9 6763686110 3231314] 110.0442110010-3673424]z5 
2619.632923319:9557289| {9.67 71944|10-3228056 | 10.0442711110.3670767134 
,719-633188919.95 56688 -6775201[10.3224599 100443312 19.3668111133 
2819.633454219/9556087| P. 67584 56 10. 3221544 [100443913/10-3665458132 
299.6337 1949.955548 5 9.678709 10. 3218291 10.044415 10. 3662806031 

339844, 554882 9.6784961[10.3215239 10:0445118 [0.36601 56139 


| Sine, Tang. 1 


Pccant. u 


64 Degrees. 


Sine. 


700.6339844 


956342491 
9.634513 


759.6358333 


38 9. 636096909. 
395.6363601 n 


459.6366231. 


330 6347 759g. 
| 4 9.635042" 

3 519:6353962(9-9551864 
| 369-6355699 N 


9.95 54250 
9.9553676 


9.95 54882) 


| 5219-6397 637 
4 
549.0402 

55 6495445 
5 .6408044 
5719-6410640 


589.6413235. 


595/6415828 


9.63688 399.9548227 
4263714849 9547619 
9.63 741089. 
44637673109. 
3583783128895 
4609.63 819699. 
, 96287705 . 
$19.630719919- 
: 0.638981: 
(639242219-9542741 
639503019. 


9-9541517 
9.95409 
9.954<291 
9-953967 7 


65]9-64184209. 


( 


9. 6784061[10.3215039 
9.6788211110.321178g 
9-6791460[10.3208540 
9.679470$[10.320529 
9-6797953110-3202047 
9.68921 198|10 3198802 
9.680444c110.319556c 
9-68073682110.3192318 
9.681092 1[10.318907g 
.6814160j10.31858g5 
9.681 7396[10.3 182604 
9.6820632[10-3179368 
.6823865110.3176135 
9.6827098[10.31 72902] 
9.6830328110.316967 

9.6833557110:3166443 
9.6836785110.3163214 


9.6843236|10 3156764 
9.6846459110-3153541 
[10.3150319 


9:6878611110-3121389 
688181810.311818 


| Tang. | 


.6840011110.315998g] . 


10.944 57 2c 
10 0446324 
Ic. 044692 


10.0447 531 
10.044874 


100449347 
10.04499 53 


10.045298 


10.045603 


10. 0456648 


10.0445 116 


19.0443136 


a. 


10.3657509 
19,3654863 
10.3652220 
10.3649578 
10. 3646938 
10.364430 
10. 3641665 


[0.04517 731103631141 
10.0452381115-3628516/18 


(0-3625892 


[0.3612801 
10.3610188 


10-0459705110.3597 15 
10:0462323110.3594555] 5 


10.359195 


10.046155 210.3589360 3 
10. 0462167 fte. 3586765 2 


— 


64 Degrees. 


M 


— 


* 
— 
n - 
— — — a. mee P ˙¹.m̃ 22 — 


8 r——ð— 


— —— 


— — 


> — 


- — — 
- - — — - 
— — * 
— 

— 


——— — — 
__ 
— — — 


4 
—— 


= OE — - 
— DT 27 w— — — 


— 


— —— — — 
+ 


—— —2—ęV—d4 IS a - 
A = 


_ — 
—— 


A Tabk of Artificial Luer, 


. 


* 
I — 


26 Degrees. 


Sine. 


9.642 1009 
9.6423 596 
” C406 182 


algo! 6428765 


609.643 3926 


96418420 


_$19:6431347 


9.9536602 
9.9535985 
9.935369 
9.9534751 
9.9534134 
9.9533515| 
9553289) [9 


Tang: 


9.6881818 
9.6885023 
9 6888227 

.6891430 
96894631 
96897531 


10.3118182| 


10.3114977 
10.3111773 
o. 3 1085 
[0.310536 
10.3 10216 


10. 3098970 


Secant. 
10.0463398[10.358158c|6: 


10-0464915110.3578991 

10.0464631110.357 6404 
10.0465249110.3573815 
10.0465 866[10.357123515 
10 0466485 10. 356865315 


10 0467103 10.3 5660745. 


ary 


10.0467 728[10-3563496|5; 
-[10.0468342]10-3560920 
10 0468962110.3558346 
10,04695 82110-3555 77415 
10.0470203112-35 53 204 
10.0470825110-3550635 
10.0471447]19-3548069|4; 
10-047 2069]10-3545 504 
10.04 72692:10-3 542942 542942\45 


160473315[10.354938 3549381 
10.047393910-3537 $22 


9 6954226 10.39957 7 
9. 6907422 10.392578 
9.69106 16.f0. 3089384 
96913809 10.308191 
9 6917020 10. 3083550 
9. 692018910. 3979811] 
9.645193119-9523553| 9.6923378 10.307 6622 
14/9.645449619-952793 1] '9.6926565 10.373435 
1519-645 705819-952730d| |9.69297 50 19:3070250 
9. 56459619 9.9526685 5 6932934 10. 3067060 
9.64621789. 9526061 9.6936117 10.3563 883 
9.64647 359 9525437] [9.6939298 10. 3060702 
9.6467290'9-9524813] [9-6942478 10.3957522 
9-640 6469844 9:95: 9524180 1g. 6945656 10 10 3054344 
96472395 9.9523562J [9.6948833 10.305177 
9.647 4945.952293 6 9.69 5200910. 3047991 
9.647 1492/9-9522310] 19.6955183110.3044817 
(9-9521683] [9.695835 5 103041645 
9. 9521035] 9- 6961527110. 0.308473 
br 2609. 9.6485 124/9.9520428 9.696469 710.3035303 
2709. 9-9519799] 9.6967 86510 3032135 
289.6495 203 9.951917 1] 9.697 103 2010. 302 8965 
209.6492740 95185410 9.69741 9800. 3025802 
3019-649527419-951 7912] 9.697 1363123922637 


Sine. | Tang. 
63. Degrees. 


79.643 6504.95 32278 

64390809. 9531658 
9.64416 540.953 1038 
9.644422619-9530941t 


9.6446796[9-9529797 
9.64493 659.9529175 


10. 047831710. 35199625 
10.0478945119-351741b| 
10.0479572110-3514876]z 
10.0480201110-3512335 33 
10 0450829110.3509797];2 
10.0481459110.3507 26c 31 
10. 482088010. 3504720 


* 4. wa — 2 * 


Tangente, and Secants. 


26 Degrees. 


+ 


Sine. 


— — — 


9.6497 807 
9.6 500338 
96502868 
9.6505395 
9.6507 920 
9.6510444 
9.6512966 
9.65154S6 
b. 6518004 
9.6520521 


2 


9.6495274/9-9517912 


9-9517282 
9.9516651; 
9.95 16020 


9.9515389 
9-9514757 
9.951412 

9-9515492 
9.9512$58 
9.951222 

9.9511590 


51 6548081 
529.6550575 
539.5506809 
149.6555559 
39.658248 2.90 
569.6560536 
579.6563021 
5896565 505 
59]9-6567987 
6009.65 70468 


9.9504583 
9.95039 
9.9503303 
9.902663 
9.9302022 


9.950138c 
9.9500738 
9.950095 


9.950945 
9.950880 


Tang, 


96977363 
9.6980526 
9.6983687 
9.698684; 
96990206 
9699632 
9.6999474 


10.3022637 
10.3019474 
10. 3016313 
10. 3013153 
10.3009994 
10 39068 36 
10. 3003680 
10. 3000526 


9.700578 


700262810. 2997372 
.70037Beſt0.299g220 


9. 7012080 
9.701522 
9.701 83 74 
9.7021519 
9.7024663 
9-702 7805 
9.7030946 
9.7934086 
9-7037225 
9.7040362 
7043497 
9-7 046632 


9.7059 156 
9. 
9. 7065410 
7068535 


7062284 


10. 2994220 


10. 298 7920 
10. 2984773 
10. 2981626 
10. 2978481 


10.297337 


10. 2972195 
10. 2969054 
10 2965914 
10.29627 75 
[0-295963d 


$10,045841c 


10.492862 


10. 2956503 
10. 2953368 
10.295023 
10.2947 103 


2 222A 
10. 2940844 


10. 2937716 


10.293459 
10. 2931465 
10. 2928341 


Tang. 


Secant. 


10.482030 
10.048271 
10 0483344 
1c,048398c 
10,0484611 
10.048524? 
10.0485S76 
10.048650t 
10.0487 142 
10.0487776 


My” 
10.04896 

__ 0490315 
10,049095 1 
10.0491 58t 


10.0492225 


10.0493 500 
10. 0494139 
10.04947 77 
10,0495417 
10,0496056 
10 0496697 
10.049733 
10.497978 
10.498620 
10. 499262 
10.0499 905 
10.0500 548 
100.0501191 


— 


(0.3 504726 


[0.3497132 
[0.3494605 
o. 3492080 


12-3474452 
10 3471941 
10.3469432 
10 346692505 


10.3464419 


10.3456914 


10. 3502193 
(0.3499662 


[0.34595 56 
0.348703 

190.3484514 
0. 3481996 
(0.3479479 
[0.347 6965 


(0,3461916 
[0.3459414 


10.3454416 
10,3451919 
10.3449425 
10. 3446932 
10, 3444441 
10.3441952 
10.343946 

10.343697 


10.343449] 2 
[0.343203] 1 


10-342953 


Secarit.|M 


3 


2 


Sine. 


=p 


63 Degrees. 


M 2 


— ö . . ‚— 


A Table of Artificial Sines, 
22097 Degrees. 


| i Sine. | © Tang. WEL. ant 


| 0 9.65 70468 9. 9498809 9.05 1659 10. 29283410 (10.0501 191 10.342953 2060 
| 19.65 72946/9.9498165| [9.7074781|10:2925219] [10.0501835110.3427054]59| 
| 219.657 5423|9-9497521| (9-7077992[10,2922098] [19.0502479110.3424577158: 
1 309-6577898 9. 9496876 5. 708102210. 2918978] flo. 0503 124010. 342210205) 
| 49˙65 80371 9.9496230 97084141 10. 2915859 [10.05037 70110.3419629(56 
39.282842 9.949888 [9-7087258[10.2912742] [10.0504415110.3417153|55 
6.9.658531219-9494938| 19-7 090374010. 2909626 2 10. 3414688054 
719-6587 780 9. 5494292 7093488010. 299652 (i055 708. 3412220053 
| | 819.6590246[9-9493645| [9-7096601110.2993399] [10-05063 55110-34097 5452 
99.6 59271009. 9492997 [9.32997 1300. 290285 flo 05075003[10.3407 290[5 1 
109.65951739.949 2349 9.7102824/10. 2897176 10.0507651[10-340482 7150 
119.6597 63419-94917 00| {9 710593 3510.25949067] [10.0508300[L2-340<367|4y 
9.660009319-9491051} 19-7 1090411t10.2899959} [10.0508949110-3399907 45 
9.660: 550[9-9490402 | 9.7112148110.2887852| [10.050959$[10-3397450 47 
14196655005 9.94897 5% 'g.7 115254110-2884746 10-0510248[10.3394995|46 
| 13 EE TH DENG!  9:7118358[10-2881642| [10.05108gg10-3392541 [45 
| 169.6609911 9.948845 9.7 12146100289 8539] [1005155010 33 ανõ)¼ 


— — * 


175.6612361 9.9487795/ 5•7 124562010. 28 754380 10.122010 ·338763943 
189.6614 109948714 9.7 1276620. 28723380 flo. 0512853010. 3385 190 42 
| 9-9486495] 713076100. 2869239 [10.0513505 10-3332743141] 


2019-6619 502/9:945584:] 19. 71338591t0.286614 1] [10.05144 58[10-3380298|,0 
21 96622145 99485189] 9. 7136956[10-28639 10.051481 1410-337 7855 39 
229.6624586 919484535} 9.7140051\10.2859949 10.0515465 10 3375414538 
7 
6 


B 

| | 199.6617257 
| 

| 

| 


2309.66 7026994838810. 1431450. 2856855 [10.05161419þ10 337297403 
9.66 2946499483227 9.714623 710 2853763 10. 0516773 1033705365 
9.66319 9452572 9-7149329 19.288506 ¹ 10.5174 193381005; 
9.663433 9.948191 9.715241 10. 2847581 10.051808. 10.336565 
6636768 9.948126 9.715550 102844492 10.0518) 10-3363232 
i 9,9480604]: 9. 13859500. 28440 [10 51939010. 3 3001 : 
129 9.6644 628 9-947 99 9716168210. 2838318. o. 52053 10.335887 2 3 
309-664405619-9479-89]. 9.71647 67110-2835233] [10:0580711119.3355944|2, 


* 


Sinc. || Tang. Secant. i 
. —— — 
62 Degrees. 
— — 


7 auge nta, and Secants. 


27 Degrees, 


6646482 9. 947 5867 
6648906 9.947797 
— — 947 7314 


9 9 7180173 


19 7195549 


429.667 305409. 
1 66754599 


5 68888 . 
4719:6685064 
48[9.6687 46119. 
E 2 668985019 


330 ee 
5 4 _— 


56 61055769 


Tang. | Secant. | 


— — —w — 


9.71647 6; 1.7523 10529711 
716785 110.2832149 (10. 0521369 
717093310. 282906: (10.052202 
9.7174014{10.282598c| [io 0522686 
7177094 10. 2822900 flo. 523345 


10. 335594430 


103353518 29 
10.335064 28 


10.334867127 


103343832 25 


319.2819827 10.052405 
10.334114 4 


Tagen 10.281674 10.05 24665 
718632710. 2813673] 10. 0525326 
7189402 lo. 28t059 d 0.052598 
719247 j 2.2807 524] [10.052664S 


519862010. 2801380 
7201690 10.298310 
7204759 10.279541 


190.3338999 23 
0.3336585 22 
10.3334%7221 
10 333176220 


10.33293 33/19 
10.3326946 18 


10.3324541/17 | 
10-3322137|16 


10. 8044510 [10.0527311 
10 0527973 
10.0528636 
10.2529300 


9.7 207827/10-2792173] [19.05 29964 

.7210893|10.2789107] [10.05 30628 
7213958010. 278 10.053 1293 
721702211027 82978] |[10.0531955[10, 
9.7220085{10.,277yg915] [100532624 
7223 140ſto. 2776853] [10.0533290 
9.7226207110.2773793] [10.0533957Þ(C 


7229266010. 2770734 
9.7232324 10. 2767676 


10-3319735.15 | 
(0.3317335[(4 | 


10.0535292 


9.7235381|10-2764619] [10.053 5960 


10. 27615641 [10.0536629 


th. 
* 


9224149002781 10 U N81 


10. 2755457 


10.05 37908 
10.05 38638 
10.539308 


140.0539979 
Lee 


10. 3291042] 


A Table of Artificial Sines, 


28 Degrees. 


M Sine. 


1 


- 019-67 1609319-9459349 


"119-67 1846819.945867 7 


29.67 208410. 9458005 
369.6723213 .9457332 

672558309.9456659 
519-67 2795219-945 5985] ' 
-619.673031919-9455310 
673268 9.9454636 


$19.673-5947]9- 9453962) 
_99-07374299-9453285; 
10(9-673976919-94 52609 
674212809. 9451932 
1296744485 99451235 


13 9˙6746 9430577 


149.6749194 9449899 
15 9:675154619-9449220, 


169-67 67 53896/9-944354T; 
17,9-675624519-9447 


19 96760937 


25 9.677497 


20 9.676 6763281 9. 9.944521 


21 9.6765623[9-9445139' 
229 6767963 9.944445) 
23 2 677030209. 9443775 

249.67 7260. 9443092 
25 9:677 9.944240 
45 67773099 9441725 
279.6779642. 9441041 
2 6781972. 94403 56 
g1p678430 9.9439671 
15 6786629943885 


Sine. 


862 { 
18.9- .675859219.9447 182' 


wt. 4 


9.73 14100. 2688590 


; 9-7317469]| 10. 2682540 


9. 25574419 2743256 
9.7259791 10. 2742259, 
9. 7262837 190.2737163 
9. 7265881 10.273419 
9. 7268925 10. 2731075 

9.721967 10. 2728033 
9. 127500810, 2724992 
9.727 $048 10.2721952 
9.728108) 10. 2718913 


2 


922871610. 2712839 


19. 7290196 10. 2709804 


972932300. 270677 

9.7 296263 10.270373 
9.7 2992950. 200705 
9.7302325110-2697675 
9.7305354 10. 2694640 
9.7 30838310. 2691617 


— iCDwt4. 


9.73 1443610. 2685 564 


9.7 320484 10. 2679516 
9. 732350610. 2676494 
9.7326527 10. 2673473 
9.7329547/10. 2670453 

2332766010 2667434 
7335 584\10-2664416 
9-7338601 
9.7341616 


Tang“ f 


9. 7284124 70. 2715876 


Secant. 


10.0540651| 16 Ic, 3283907065 
19,0541325]t0.328153.-|59 
[0 0541995}10-32791595 
10,0543341110-3274417| 
10,0544 215110 3272048 
10.054469< 10.3 269681 


to 0546040(10.3264953 
10.25467 15/10. 3262591 
19-0547391110.3260231152 
10.05 05 806810, 3257872 
[0.05487 45]10-3255515 
10,0549423[10.3253160 


10. 05 50780110. .3248454/+) 


10. 0551459, 19.3246104 
10. 0552138 10.3243 756 
10. 0552818, 10.3241408|42 


10.0553499[10-3239063 


10.0542665[10. 327658715 


10. 0545364010. 326731605 


10.0550IO1|O, PR; 


10.0554179 


10.3236719149 
— — 


10.05 54861 


10.05 55543 
10,0556225 


10.3234377 
10.343203 
10. 3229698 


7344631 
3476 


10.05 56908010. 3227360 
[0.0557591,10-3225025 
10.055827 5110-3222691 
10-0558959110-3220358 


39 
38 


37 
36 


33 
34 
33 


10-0559644[10-3218028 
10.0560329]10-3415699 


9 [10.0561015|1c [0-3213371139 
Secant. ju 


32 
31 


— 


61 Degrees. 


Tangente, and Secants. 


28 Degrees. 


„Sine. Tang. | [Secant.| 1 
Se 88 P 644110:265235 e272 
319.6788955. 9438299 9.73 5065610. 20 . [10.0561701]t0.3211045 29 
329.6791279 ½¼943 7612 9.735366 710.2646335 10.5623 88 1032087212 
339. 6793602 9.9436925 9.7 3566770. 26433231 flo 9563079 10.3 296398 27 
349.6795923 99436238 9.735968 5 10. 26403 15 [10.2563 762110. 320457 7 26 
35 9.6798243 9.9435549 5 2 10. 2637307] [10 5 10.320177 25 
369 9.6800560 9 9434861 9. 97365699 10,2634301 110, 2563139 139110. 319944024 
236 68028779.9434ʃ 72 5.73687 5 10.263 1295 f10.0565828010. 3197123 23 
3 8 6805 1919.9433482 9. 73717⁰ 10.2628291] 0. 0566518 10. 3194809 22 
599 .6807 504/9- 54327920 6 7374712 10.262528 [10.0567208[|10. 3192496, 21 
68098169. -9432102' [6 7377714 10. '622286] |10.0567 89810 3190184 20 
41 .681212619.9431411| |« 5.738715 10. .2619285| [10.0568589|10.3187874'19 
4209.68 144349.94307 20 9.738314 10. 2616280 [10.056928c|10.318556 18 | 
43 9.68 167419.9 4300280 9. 7386713 10. 2613287] 10.569972 0lo0. 318325917 
44.9: 68 1904609. 9429335 [9.7 389710 10-26102gc | [15.0570665[10.31 80g 54/16 
45/9-682134919.9428643] | 7592707 10260729;] [19.0571357[10:3118651|t5 
4 96823651 9427949 [9.7395702 10. 2694295] [10-057 2051100-317634914 
47]9 6382595219.9427255 9.7 398696, 10.2001 304] [10.0572745119.3174048]'3 
4809 6828250 942661 9.741689 10. 25983 11 0.057 343910. 31717 50ltz 
495.6530348 5. 9425866 f. 40468 110. 2595319 0,5741340, 169450 
$01969328439.9425171] [9.7401672[10.2592328], 1 248224407 Zl 
& 9.6835137/9.9424476| [9.7410662[19-2559338}. 110.057 5524110 3164863 9 
5219-6837439/9-9423779]| 7413650 10.258635| [10.957 6221510 3162570 8 
$319.6839720/9.9423083 9.7416638|10.2583362] [10.0576917[10.3160280f 7 | 
- [54]9-6842010(9.9422386, 19.7419624 10. 2580356 [10.9577614|10-31579go0f 6 
5519-684429719- 9.942168] )- 7422609 20099] . 2577391] j10.0578312110. 3155703]_5 
56196846583 9. 9420990 [9.7425594 10. 2574406 [10,05 7901o[10.3153417] 4 | 
-5719.684$868'9.9420291| [9.742857 3[19-2571423] [10-05 7970g[10.3151132] 3 
5819. 6851151/9, 9419592] [9-7431559{10. 2563441] [10.0580405[10.3148849] 2 
595.68 53432 9.941 8893] [9.7434540[10-2565460| [10-0581 107110.3146568] 1 
9.685 6855712 9.941 9.9418193] 97437 520|(0- «2562480 10.0581 807110.3144288] © 
Sine. EE Tang. zecant. 


61 Degrees. 


A Table of 4 Artificial Sines, 


a 


185. 689648 


29 Degrees. 


9418193 
1'9.6857991[9.941 7492 
2 9.6860267 9.9416791 
3. 9. 68625429. 941 600 
49.668648 169.9415388 
569. 1 9 es 


—  — _— 


6873895. 0412575 
9'9.685616119-9411871 
1019-5687 8425[9-9411166 
9410461 
9409755 
-9409048 
9408342 
9.9497 634 
169.68919 78 9.940692 7 7 


— EE — . 


179.6894232 9406219 
9405510 

199.6898 73 9.9404801 
20 9.690095 319-949409 1 
0.6903231 9.9403381 
.690547 6]9-9452670 
4 690772109.9401959 
249.6909964. 9401 248 
25 9.69 122059. 9. 9400533 
269-6914445[9 9399823 
-6916683[9.939911C 
69189199.9398396 
2919-6921155[9.9397 682 
30 6923388 9396965 


9. 


9.74998 50 10. 2500¹ 50 


10. 2562480 
10. 2559501 
10. 25 56524 
102553547 
8110.25 50572 
2403110-2547597 
10,2544624 
10.2541651 
10.25389t0 
I0.2535710 
2591 0:2232701 
+7470227[10.2329773 
$7473194|10.2526806 
9:7476160j10.2523840 
7479125ʃl0. 2520875 
9. 9.482089 10.2717911 
91483052 10.25 14948 | 
7488013[10.2511987| 
7490974 10-2509026 
72493934 10. —.—. 


9. 7496892 10.2503 108 


7 502806 10.2497 194 
9.7505 762/10.2494238, 
« 750871610.2491284' 
9.7511669 10.2488331| 
947514622 10-248537 
*1517573 10-2484427 

7520523 10.2479477 
7523472 10.24 76528 
97546420 19.247355 


110.0591658 
110.0592366 


110-0600899 


Secant. 


10.058180 


10.0582508 
10.058 3209 
10. 0583910 
10. 0584612 
10.585315 
10.056218 
10.058672 
10 0587425 
10.05 88 129 
128824 
10.089539 


10.590245 
10.590952 


19.593073 
19.0593781 


—— 
19.31442 8806 


10. 3 1442005 


10.3 313973355 


10.3 13745805; 
[0.3135184j56, 


10 3132912 
10.3 13064105; 
10.3 12837. 
10.3 126105 
10.3 123839 
100.3121575 
10.3119312 
1943117051 
10,3114791 
10.3 11253346 
10.3 110277 
10. 3 108022 
10.3105 768 


10.05 94490 


[10 059419 
[10.0595y0g|t0.3100917 
10.059661 

100597330 


10.05 98041 
100.0598752 
10.059965 
10. 0600177 


10. 3103516 


10. 3096569 


10.309452 
10. 309 2a) 


10.309003 6036 
10.387795 


10.308535 
10. 30833 17 


10. 0601604 
10. 0602318 


10.308181 


ps 


0s; 
Js 
FI 


49 
45 
12 | 


bs 


44 
43 
va 
10. 310126641 
40 


JI 


38 
37 


33 
34 


33 
2 


| Tan ents, and Secants. 


29 Degrecr. 


— 


; 8 Sine. .. 
359-6923588 9.939668 
31, 69256209. 9396253 
32.9.6927851 99395537 

33 9.693008 09.939482 
92 6532308 9.9394105 

35969345349. 

8 . 


93898 109.93 
389 6941203 
. Et a 

69456429. 
410969478599. 
429.6950070. 
439.6952288 
449.7 695450119. 
479.6967120. 
46 9.69589229.93854 
14 696113019. 
480969633 36 9.938402 


4919-6965 54119. 
5019-6967 745}9.938257 
9.696994719. 
9:697214819:938112 
9.697434719. 
5 909 7054519-937 
9.6978 741 


9.937894; 


9-937 822 
5 937749 
9.937676 
9.9376035 
9.93 75306 
Sine. 


2 — 
9.7 529368110.2470632 
1 10.246768. 
9.753525 Nft0. 246474 
9. 75382030 10.246179 
7541146/10.2458854 


— 7 544988] 10.445551. 

9. 1347029100: 2452971 
9. 754996910: 2450031 
9.7 552908019. 2447092 
9—7 91846 10,2444154 
9, 9.7558783 753 lo. 2441217 
9.756171 10.247828 
9. 7564653, 10. 2435347 
9.756758710. 2432413 
9.770520 10.242948 


9.7 513452/19.242654þ 
p «7 576383|10.2423617 

9.7519313 10.242068 
2 7582242010. 2417758 
19.756 7585 170110.241483c 
'9.7 588096|10-244 1904 
9. 7591022 
97593947 
9.7 59687 1010. 2403 129 
9.75997 94110-2400206 


10.2408975| 
10. 2406053 


Secant. 1 


o. 3074380 
103972149 


10.0603 747 
10.0604463 


T 0653032 10,307661 2 30 


30 


10 0405179 
10.605895 
10 0606612 
10.067329 
10.060804 
10. 0608766 


10. 0609485 
10.0610204 


10,0610924[10.3052141 
10,0611644/ 10.3943926 
10,2612365110-3247 712 
19.061 3086[10.3045499 
10.061 380810.3043288 


10. 3067692 


18.356324 
10. 3061019 
10. 305879) 
110.3056577 


| 


lo. 3069920, 
10. 356546625 


10 3954358, 


29 
28 
27 
26 


24 
23 
22 
21 
20 | 


10.0614530 to. 304107 
10.0615 253 t˖o. 303887 
10.615976 10. 303666 
o. c 1670010. 303445 
10. o6 17424 to. 3032255 
— 11 3030053 
10.618874 10 302783 

I0.061960cf10.3025653 
10,0620326[10.302345 

10. o62 1053 


9.7607 160. 2397284 

9.760563 10.239436 
4 760855710. 2391443 
9.761 14760. 2388324 


9.7914394{10-2385606] 


| Tang. | 


10,0621 780 
10.0622508 
10,0623236[10.301467 
10.0623965]10.301248 
10.0624694110.30103 


10. 30190 


10. 3021259 


10. 3016871 


0 


4 
; 
6 


2, 
$ 
3 
2 
1 
O 


60 De Degrees. 


A Table of Artificial Sines, 


2 


993 5306 


009334 


19 

10 5011508 
1159.7 7013681 
1297013855 


13 39˙701 8022 
| 14 9- 7020190 
15 9.792 2223 

168.402 7014523 


MI Sine. | 
0 .69897 0© 


es 3116 


20. 29570921 


$19.9369456, 


— .. 
9373847 


9372385 
98371675 


9.93 70189 


9. 9368722 
9. 9.9367985; 
99367254 
95366519 
9.965783 
99365047 
2934311 
99363574 


719.93 62836 


9.9362098 


189 .7028849 
| 199: 703 10119.936 360 
=p 9.793317 9.9360621 
9.7035329]9- 9.9359881, 
#4 703 7486[9-93 59141, 
23 9.703964119.93534or' 
.7041795[9.9357660 
25 9.70439479-9356918, 
266.7046099 9356177 
a7 .1048248$19.9355434 
705039770 12 


| 


30 Degrees. 


Vang. | 1 


9. 97614394 10-2.385626 385606 
9. 5.617311 10. 2382089 
9. 7620227 10. 2379773 
9.7623 142 10. 2376858 
- 762605610.2573944 
3 7628969 10. 2371031 
3.763188110.2368119 
. 7634792 10.236520 
9. 7637 7702 10. 2362298 
9.764612 10.23 59388 
9-7643520 10.237248 
57646427 10 2353575 
9-764933410. 2350666 
Je 7652239 10 2347-61 
17655143 10-2344857 
97655047 10.2341953 


10. 2339051 
10.233614 
10.233324 
10 2335349 


9.76 
- 7663851 
9.76667 51 
9.766965 1 


9-7672559110-232745* 
9.767 5448 1 0-2324552 
.767534410.2321656 
.7681240[10,2318760|' 
.7634135[10.2315865 
. 7657029110 2312971 
.7659922(10.2310c78 
-7692814|10.2307186 
9.7695705110.23042y5 
9.769859 10.2301404| 
7101485 10.2298515 


Secant. 


10. 2624594 
10. 0625425 


10,0627615 
10. 8626345 


10. 0629811 
10 063054 
10.631278 
10. 0632012 
10.063 2746 
10.063 3481 
10.0634217 
10. 654953 


10 c6. 6153 103005927 


10. 062907910. 2997198 54 


15. -30103cols, 
10. 30081135 
58 


10.300559 56 
10 29993 78 55 


— 


10. 2995019053 
10.2992042|52. 
10. 2990666 51 
10.298849 4/9 
10. 2986319 49 
10. 2984148048 
10. 2981978047 
10. 297981046 


10. 8633089 I 10. 2977643 3 
10. 0036426 10.297 547 71. 


10.0637164 10-297 331343 
10.065 2 10.29711512 
10 0638640) 10. 96898941 
10. 06393 79 10 2966830040 
10.064011 19,10. +2964571[39 
10. 06408 59 10.496251 38 
10,0641 599 10. 29603 59/3 
10. 06423 292978205 


10. 43082 10. 29565 


10 5643 823 (0.295 3901 34 


10-0644566]10-29517 52133 


10. 064530910. 294900332 


10.0646052 l0.29474571z1 


20-<646796 10. 2:2945311 30 


lang. [ 


59 Degrees. 


_— 


Tangente, and S, ect 


30 30 Degrees, 


** 


«| Sine. Tang ang Secant 

200.70 9. 7054689 2353204 9. 7701485 104298515 10. 0046794 .94537ʃ 30 
131 q.7956833/9-9352459 977543 751102295627} [10.0647 54. $40.2943167129 
3213-705397 519-9351715 9-7707261 10. 2292739 flo 0648285] 52941225128 
53% 7061 118.93 70969 o. 7710147 flo. 22898530 [1c.064903 110.293 *884|27 
340.706 325609. 93 502230 9.77 13033010. 2286967 Þto. 06497770. 2936544026 
35%. 70653949 9:9349477 9-7715917 lo 2284083 '0.29346c6|25 
2619. 7067531 9.93487 30| [9-77188011t10,22811 (0.293246 24 
3719-7069667 [9-9347983 7721684[10.227831 0. 2930333023 
380.7071801 93472 35 77245660. 227543 10.2928199ʃ23 
39.70 739339.9346486 [9.7 72744710. 2272553 0. 292606721 
499.7076064 N. 93457380 9.773032 10. 2269673 (0.2923936|20 
[41]9-70781 94/9.9344988 9.733254 72667 40.921806 19 
42 * 9.77360$4[t0.2263916 12-291967 7j18 
{43[1-7082450(9-9343488] [9.7 738961 10,226103 10. 29175501) 
449.7084575. 227. 9.774183 810.2258162 0 291542516 
45 2583699934758 6] 9.774413 (0.2255287] flo. 0658014 829133010ů5 
| 4619. ). 7088822 9 9341234 9-7 747588110.2252412] flo 06538766 0.2911178|14 
479. 70909439. 9340482] [9.7 750462[10.2249538] [10.0659515]:0,2g09057[13 
4$[9.709306319-933972 +17533341(0 224666 19,06602 Ito. 290693712 
499.7095 182 9.93389 9-7 756206{10.2243 7 10,0661024|t0.2904818|11 
509.7097299 9. —— 9 775907 7]10.224092 10.661778 10. 290270110 
{5119 9.7099415 9.933 9.7761947{10.223*053] f10.0662533] c. 2900585 9 
5209.7 101529 Gm 77648160. 2235 184 10. 06632870. 289847 10 8 
339.7103642. 9335957 [9-7 767685110.2232315 10 0664043]i0.2896358| 7 
$49-7195753/9-933520( [9.7770552[10.222 10.0664 799 6 
5519-7107 863(9-9334445] [9-7 773418]: 0.2226582 10.0665555 l 
5619-7 109972 933365 -7776284[10-2223716 

5719-71 1208919.9332931] [9.7779149]10-2225851]. 

5$19-7114186;9 9332173 «77 82012 10. 2217988 

3919+ 2 9331415 77848755 | 
2 71183939.93 30656 9. 2187735 82212263 fc 

IdSine. Tang. 


1 


9 


59 Degrees. 


1 


| 4 Table of Art 1ficial KY; mes, 


— 


S“ 


97118393 99330658 


9-712049519.9329897 
712259609.9329137 
71246959.93 283 76 
9.712679219.9327616 


+ v2 © Ji — 0 
© © 


| 619-7 7130983 9.932609 
9325330 
99324567 


| 59.2 128889 9.9326854] 
j 
ſ 


719 1133077 
${9.713 5169 
| 9,9- 71372600 
108. 7139349 
15 9.714143 
129. 8 
139.7145 559.93 20746 
149 .714769319-931998c 
15 9:714 -71497 7 6P-9319213 
16 &7151857]9.931 9318447 
' 15,9-7153937[9-9317679 
189. 7136013 9.931691) 
199.7138092. 93 16143 
20 9. 7160168[9.9315374 
21 9-7 16224349-9314605 
22071633 8.573633 
25 716638709.93 13065 
240. 7166436 9.93 12294 
425 9:70] 1 70526]9.9311522 


269.7172594 9312750 
27 717466009. 9309978 


7139349 932324c 
9.9522276 
9.9321511 


932380. 


9-7839562110.2169438 


28. 7176725 


299.7178) 89 


9399205 
9.9308432 


3 9*7180351 


9.9307 656 


Sine. 


31 Degrees. 


10.2212263 
10.22c 9401 


91192008 [0.2206541] 
lo. 2203682 


9. 1199299 110.22c0823 


9. 78020340. 2197966 


9.780489 110.2195109 
9.7 8077470. 2192253 
9. 7819682 10. 2189398 
9. 781345610. 2186544 
9. 9.816309 102183691 
9. 9.78791 62 10. 2180838 
9-7 $22015[10.21 77987 
9.7824864{10-2175136 
9.7827713110-2172287 


9. «793341010, 2166590 
9.7836258 10. 2163742 
9. 7839184 10.216696 
9.784499 l 2158051 
9.7 844794. 19.215206 
9.7847638/10-2152362 
9. 785048110. 2149519 
9.7 353525 10. 2146677 
— 785616410. 2143836 


9. 7859004110 214096 


9. 7861844 
9. 7864682 
9.7867520 
9.7370357110.2129643 
9.7873193110. 2126807 


10.2158156 
10.2135318 


[Secant. 


10.0069344|10.288160; 6- 
10,0670103 10. 28795055, 5y 
[10 0670863[10.2877404];z 
10.067 1624 108753055 37 
10,067 2384010. 287 3208050 


10.0673146|6 102871111155 


10.0673908[10.2869017[54 | 
10. 06746 7010. 2866923; 
10 0675433010. 2864831052 
10.0676 19610. 2862740051 
10. od 7 Yονðo. 2860651 59 
10. 0677724110. 2858563149 
10,067 8489.10. 255647 6145 
10 067925 4/16 
10. 568020010. — * | 
10. 0680787 10. 250224 3 
10. 5685325 
ito. 068232 

10. 6683889 
10 0653857 
10. 0684626 
120.0685395 
10. 0686165 
10268776 


102843985 42 
10.-2841908[41 
10 283983240 
10.283 7757 39 
10.2 283 368 38 
10.2833613 37 
10.0685 706110. 283 1542ʃ36 
10.068847 $|1c 10-2829474 35 
10.0689259 io. 2827400534 
10 06y0022|19.2825340[33 


10. 2132480 


Tang. 


10.0690795 
10.0691 508 
10 06923 292342 


Sccant. 


10282327532 
10.282121¹ 
10. 2819149 30 


38 Degrees 


Tangent. , and Secants. 


—_—_— 


31 Degrees. 


W — Sine. | 


9.7189986 
9.7191142 


9.71993530 


N e 


J- 7203447 


9.7209 581 
54211623 
47 


7213664 

7215704 
489.7217742 
499.7219779 
509.7221814 


97788851 9-93c 7658 
1516 7182912/9.9306883 
9-7184971]9.9306109 
9.118703019.9395333 


9 <adot 
99303781 I 


9. .719319619.936 -9393904 
9.7 195249;9-9302226 
9. 119732019. 9301448 
9. 9300670 
9.7291599/9-929989 1 


9. . 12 


Jo 7 2549399295 332 


9.9297551 
9.929677 
2227505 
99295297 
99293641 


99292857 
9.9292073 


99294424 


5 722354919 
22588109 
ba 7227913 
110 7229943 
7231972 
by 9.723400 
5719 9-7 236020 


5019- 723805 109 


9.9291289 
929050 
9.9289718 
9 9285932 


9 0 9287358 
9.9286571 
9.9285783 


599-7240075 
6519-724 1242097 


9.92384994 
9.9254205 


dine. 


þ 


9-9288145] 


_ [9-7949855 


— 
PD 
— 
G2 
CY 
S 
— 32 


7881696 


7884529 
.7$87362 


9-7 7578430 
9.79 21480 


9.7924101 


3[10.2126807 
10,2123972 
10.212113 
10. 2118304 
10 2115471 

10 2112639 


2 10.2 109808 
2110. 2106977 


10. 2104148 
10. 2101319 


10. 2098492 


10. 2095665 
10. 2092839 
o. 2090013 
10.2087 189 
3510.284365 
10. 2081542 
10. 2078720 
10.207589 


7926921 
9.7 929741 
9.793256 
7933378 
9.7938195 
* I 
9.794327 


10.2073079 
10. 2070259 
10.206 7440 
10. 2064622 
10. 2061 805 
10. 2058989 


9.7946641 


9.7952268 
9.795 5081 
9.7957 592] 


10-2053359 
10.2050545 


Secant. 


10.0692342|10 
10.0693117{ 
10 0693891 
1C.0694667 
10.0695443 


119.0696996 


10,2056173] 


10.2047 732 


10.2044919 
10. 204210 


: 


Tang. 


19.069621 


10.0697 774 
[0,0693552 
10699330 
10. 0700109 
lo. oicosdð 
10. 0701668 
10.0702445 
10,070323c 
10.0704011 
10.070479; 

10.070557 
10. 0706359 
10.0707 143 
10.979722 
10.870871 
10. 070949 

10071028: 
I0407 1106! 
100711855 
I0.07 1264: 
10.0713426 
10.071421 
10.07 15006 
100715795 


102819149 


10. 2817088 
10. 281 509 
10. 2812970 
10. 2810914 
10. 280885 


o. 2806 804 
0. 280475 I 
(0.2802700 
l0.2800650 
10. 2798601 


10. 2796553 
129.2794507 


10. 2792462 


10 2790419 
lo 2788377 


10. 27863 336 


10. 2784296 
10.27 82258 
10. 2780221 


[0.27 78186] 


10.2776152 
9.277419 
10.27 72987 
10.27 70057 
10.2; 63028 


10.2766200 


10. 276; 974 


10 2761949 
10. 2759925 


10-27 57903]| 


Yecantr. 


10 wal I D 


— 


58 Degrees. 


8 A Table of Artificial $1ne "A 


— — 


32 Degrees. 


da Sine. | 
_09-7242 97|0.938g205 
119-7 244118,9.9253415 
29 724613809.9282625 
3.972481 569.9281834 
49.7201 74%. 9281043 
| 39.2189 
9-7254204 
719-7256217 
{ $9.7258229 
909.7260240 
109.7262249 
119.7264257. 9275490 
1209.7 266264ʃ9.9274695 


r — Wo PIR 


99279459 
9.9278666 
99277873 
99277079 
9.9276285 


9.928025 


lang. 


9 7965703 
9 7963513 
7966322 
7969130 
7971938 
97974745 
797755! 
9.79803 56 
9.7983 160 
9-7 955964 
9.798876 
7991569 


: 139.7268269 9273899 
I 4276735273105 
15 92272276 9.9272 z0c | 

16 9.727475 ,9-9271509 

1719.7276278 9 9270711, 

18 9.727027719 9269913 

199.7280275 9-9269114 

2009.7 282271 9.926831 


2109.7 284267 9.946714 
2219.7 2862609. 9266714 
12309.7288253 9965913 
9.729024. 926511. 
25]9-7292234]9-92643 16 
26(9-729422519-9263 507 
27 9.729621 109.9262704 
12809. 7298 1979. 926190¹ 
12909. 7300182. 9261090 
9. 7302165 9.926029. 


9.799437 
97997170 
9.799997 
9 8092769 
9-80035567 
9. 8008365 
9. 8011161 
9-80¹39 
9.816752 
9.801954 


_ TY 


WE) 
[0.2942108 


— — 


[0.2039297; 
10,2036487! 
10. 20336 8, 
10. 2030870 
10. 202.062 


110.2025255 


10. 202244 


10201 9644, 
10,2016$49 
10.2014936 
10.2011233: 
10.2008431 
10. 2005630 
10. 2002830 
10. 2000030 


10.1997 23 { 
10.1994433 

(0.1991635 
10. 1988839 
10. 1986943 
10. 1983248 
10. 1980454 


98022340 
8025133 
98027923 
9.50307 10 
9.833706. 
9. 8036296, 
'9 8539085 


| Sint. 


309: 


10 1977660 
10 1974867 
10.196925 
10 196649. 
10.1963 704 
10. 1960915 
10.1958127 


Tan g 


Secant. 
10.715795 
10.716385 
10.717375 
10-07 19166 
10.071895) 
10.0719749 


10.2757905 
10.275 5802 


10. 2749820 


1072133 
100.0722127 
10 072292 
10.0723715 
10.7245 10 
100725305 
10.07 26101 
10. 0726897 
10. 0727694 


10.274177 


— 


1 -2735743 
10. 2733730 


102729727 
102727724 
10.072849 1010.272572. 
10.0729289ʃ10. 2723722 
10.07 3008 710.2721723 
10.07 30886010. 2719725 
10.07316S6[10-2717729 
10:07 32486 10.2715755 
100733286010 2713740 
10.07 34087110 2711747 
10.07 34888[10.27097 56 
10.0735690110-2707 760 
10.0736493[10-27057 77 


10 07380gg]t0.2721803 


10.27 $3t 62 
10.2751944 * A 


10.274781115 
110.0722541110.27457 96 


10,27 397 60] 


10. 273173147 


10.07 37 296110-2703 79053 


10. 73 890410 2699518 ; 
10-07 39708[10.2697 835], 


57 Degrees. 


3 


Tangents, and Secants. 


5 32 Degrees. 


v| Sine. Tang.| Secant. is 
D 9926092] (58091873) l I [ro0739708þ10:2097855 50. 
319.7304148 9.925487 9.804466 110.1955339 [10-074051 3]10.2695852 29 
329.7 306 1299.925868] 9. 80474470. 1952553 10. 07413 1910269387128 
339.7 308 1099.925785 [9.8050233[10.1949767] [100742125}10-2691891 27 | 
3419.73 100859. 9257069 9.805 3019010 194698 1 [10.5742931]10 2689913 26 
35 .731206419.9256261 9 8053803010. 1944197 100743730 loas8 93623 
369.73 140409. 9255454] 9· 805858710. 1941413 10.054454 10. 2685960 24 
37.731601 5]9-92 54646 -$0613 70j10-1938630]. 10.0745354|10-2683985 23 
389 731798909. 806415210. 19358480 flo. 0746 1630. 268201122 
399.73 1996109. 8066933019. 1933067 10. 074697200. 2680039 21 
40.732193 20. 8069 71410. 1930286 10.0747 782]10 2678068 20 
N 8072494. 0. 192750 10. 0748592 0. 2676098 19 |. 
429.7325870. 8075273010. 1924727 [10.0749403]10.2674130,18 | 
439.7327837. 8078052010. 1921948 [10.97 5021410. 26721631 
449.7329803 . 9. So8o829 10. 1919171 19.07 51026110-2670197|16 | 
4519-7331 76519. 288306 10.1916394] . 51839]10-26622321 5 
4619733573 4-9247 349 9.80863 83[10.1913617] [10.0752651[10-2666269g[14 


47% 1335693(9.9246535| |9-3089158110.1910542| [10.07 53465. 0. 2664307 3 
489.73376549.9245 721 5.809 193310. 1908067 10.054279 t. 2662346 ¹ | 
499.7339614. 9244907 b. 8094707 to. 1905293 [10,0755093[19.266038611 1 | 
$919-7341 57 2|9.9244992] [9;8097480110.1y025201 f 55928110.265842310 
5119.7343529,9-924327 7] [9 $100253 10. 1899747 [10.07 56723510 2656471] 9]. 
5219. 7345485 [9-9242461] -[9.$103025 10.189697 5} [10.0757539]10 2654515] 8 
$319.7347440[9-9241644 [9-8105796]C-1594204 10.07 583 56110. 2652560 7 | 
5419-7 34939319 9240827 [9.81 08566 IIS _ [10.07 59173110-265060 | 
5519-7351 345[9.92400109| [9.8111336}10.1 888664 10.07 59990 10.2648655 
5619.73 53296;9-9239191] [9-8114105 10. 1885895 [10,07 6080g[10.26467 44 
73352469.92383 30 9.811687 30. 1883127 [10.0761627[10.264475 3 
589.7357195 9. 9237534 81196410. 1880355 10. 0762446110. 2642805 2 
5919. 73 5914219.923673 9.81 22408 10.137 7592 10.0763266]1( 0.264085 
ooſg.7 361088[9.923591 Ap: 10.1 814826 flo 16408610. 263891 


Av 
—1 


— 
— — 


| 4 Sine. ang. Secant. | 


_ 57 Degrees. 


Table of Artificial Sines, 


Sine. 
2 


9.7 363932 
9. 7364976 
7366918 
7368859 
5 9.7370799 
7372737 
79 7374675 
809.7376611 
99.737854 
199.2389479 
11 9.7382412 
129.7384343 
1319.7 396273 
149.7388201 
1 519:7392129 
{1619-7 392035 
179.7393980 
118]9-7395924 
11919-7397 827 
120[9-7 39974 
12119-7491668 
2219-7 493587 
[23 9.749539 

947407421 
9.749937 
2619-7411251 
127 
289-7415075 
299.7416986 
3 9.7418895 


9.7413164 


* 


—ͤ ü—Ü— —— 


99235914 
9.923509 3 
9.923427 2 


9.923345 
9.9232628 


99230982 


922850 
. 68 
9.9226858 
99226032 
9.922525 
9.9224377 
9-9223549 
9.92227 21 
9.9221891 
9 9221062 
949220232 
9.921940 
9.921850 
9.9217738 


992293 - 


9.9216073 
9.921 5240 
9.92 144c6 
9-9213572 
9.9212737 
9.9211902 
99211066 


| SINE. 


33 Degrees. 


—̃ —ͤ—— — 


lang. 
9.8125174110.1874826 
9 $127939 10.187 2061 
9 81307040. 1869296 


Secant. 
[10.0764086 


10-07 64907 
10.0765728 


102635912 50 
10. 2636968 


9.923105} 


99230158 


9.921 6906] 


#. 


8152795 


98133468 
98136231 
98138993 
968141755 


9.8147277 
9.81 50036 


8144516 


10. 1866532 


10. 1863769 
10. 1 861007 


10.1858245 


10. 1855484 
10.1852723 


10. 1849964 
10. 1847205 


9.8161068 
9.8163 824 


9.8172089 


9.8174842 
9-$177595 
9.818034 
9.8183098 


| 


i 


9.8185849 


| 


9.$15555410.1844446 
9-8158311j10.1841689 


10.1838932 


10.1836176 
28168580 19.183342 
98169335 


10. 1830665 


10.1827911 
(0.1825158 


10.1822405 


10.1 819653 


10.1816992 
(0.1814151 


9 $188599{[t0-181 1401 
9-8191348|to 1808652 
9.8194096{10.1805904 
9.819684410. 1803 150 
9.5199592 10.1 800408 
98202338810. 1797662 
9 8205984110. 1794916 
9. 8207829110. 1792171 


Tang. 


| 


| 


[10.0785 594110.2581749 34 


10.263 5024558 
10.07 66550 — 2 5; 
10.0767372 
10.0768195 
10.07 69918 
10.0769842 
10.07 70666 
10 0771491 
10.077231 
10.0773142]10-2617 588|4y 
10.07 73969110. 261565745 


10.2627 
10. 262532536 
10.2625 389152 


3 


10.077 $10910-260602c|4; 
10.07 ;38938[10.2604096]42 
10.0779768]10.2602173[41 
10.07 80599]L0+26002 52 49] 
10.0781430[10-2598332139 
10.0782262]10. 2596413138 
10.07830gq[10 2594495|3; 
10.078392 7110-25925 79136 
10.07847 6910-2590663]z5 


10.07 $642 10. 25868303; 
10 0787263[10.2584925 32 
10.07 850g9d[10.2553014]; 1 
10. 078893400. 2581105ʃz0 
. 


36 Degrees. 


— 


tit. Al. 


Tangents, and Secants 


—_ 


—_ 


'F 


Sine. 


— —— 


309.7418895 


9.921 1066 


339.7424616 


359.7428423 


3819. 743412 
399.743 6024. 


43 9-7443606 


519.7458712 


868 


31]9.7420893 9.92102.29 
329.14327 109.9209393 
| * 


page $20 9.9207 717 


365.7430325 
37 cer a 


499.24379219. 


419.7439817. 
429.7441712 . 


44'9-744549519. 
45,9-7447 39919. 


9.9194237 


529.7460595. 
$339. 746247 719- 
746435809. 


59P. 7473743. 
60]9.7475617 


9228555, 


9.9206878 


9.9197619 
9.9196775 
9.9195929 
9.9195083 


9.9193390 


7468175 5 
746999209. 


98207820 


8210574 
8213317 
9.821 6060 
9.8218803 
98221545 


822428 
822702 
TIT, 
9 8232505 
98235244 
9.8237981 
9.82407 19 
98243455 

824619 4 
9.824892 | 
9.38251660 


93254394 


9.8257127 
9.8259860 
9.8262592 


8265323 
9.8268053 
9-82707 83 
98273513 
9.827624 
9.878969 
9. 9281696 


9.9284423 


9.8287 149] 


9.82898374 


10. 1753809 
10.1751074 


10. 1792171 


10.1 789426 
10. 1786683 
10. 1783940 
19.1781197 
10.177284 


10.177574 
190.1772974 
10.170234 
BH: 

070475 
10. 762019 
10. 1759281 
10. 1756545 


10.174834 
10. 1745606 


10. 1742873 
10. 1740140 


10.1737408 


10-173467 7 
10-1731947 
101729217 
10. 1726487 
10.172375 


10. 1721031 


10.271377 


| 


10,1718304] 


„ 


0. 1712851 
£0.17 10126 


1111 


10.258105 
10.235791 97 
10. 2577290 
10-257 5384 
to 2573480 
10-2571577]}25 
10.256967 5]24 
10-2567774/23 
10.2565 8742 


T 
29 
28 
27 


26 


[0.0788934 
10.07 89771 
0.079060 
0.0791445 
10 0792283 
to.o793 122 
10.0793961 
10.07 94800 


10.0796481 
10.0797322}10 256207920 
10.0798164[10.2560183/19 
10.0799 206|10.2558288'18 
10-2556394|1 7 
10.255470 
10. 255261015 
0.25507 20014 
10. 803225 10.254883 tz 

10. 254694402 
0. 254505 7 1 


10. 25639761. 


16 


| 


2 


34 Degrees. 


4 Tabk of Artificial Sines, 


M| Sine. 


9.247861) 

119-747 7489.918489 
-7479360 9184937 
319-748123019.9183183 
-7483099[9.9182329 
| 519-7484967[9-9181475 
748683 39.9 180620 
9179764 


"Ove 


9.9176336 
2.9-7498007 9.9175478 
13j9-749986619.9174619 
149.7501723 9.9173760 
15 9-750357919-917 2900 


Na HE 
7 


17,9.750728719.9171179 
9.9170317 


75109919.9169453 


7 ang. N 
9.82898 74010. 17110126 


9.829259 10. 1707401 
9. 829532301 b. 1704677 
9.829804 710.1701953 
9.83007 690. 1699231 
9.830349 2010. 169650 


9. 8306213010. 1693787 
9.830893 10.169 1066 
9.83 11654 ft 0. 1688346 
9.83143 74ʃů 0. 1685626 
9.83 170930. 1682907 
9.83 1981101. 16801 89 
98322529010. 167747 
98325246010. 167475 


I 


9.8333394\1c 
9.8336109 
9-83 38823 
9-8341536 


Secant. 


10.0814258|10. 


10.0815963 
10.0816817 
10,0817671 
10.0818525 


10.081938c 
10.0820236 
10 082109 

10,9821 949 
10.0822806 


10.0823664 
10,0824522 
10,082538t 
10.u826240 


— 


10. o8 151 1010. 2522511059 


10. 2520640558 
1025187705 
10.25 16901½6 
10 2515033 
10.2513167 
10.251130. 
10.259438 
10.250575 
10. 2503713 
10. 2503852 
10. 2501993 
10. 2500134 
10.249827 


10.0827 100 


10.249421 


10.052 7900 10.249456 


10.082882 110.2492) 13 
10. 0829683 10.249086 
10083054510. 2489009 


7512842 


9.9168593 
9.9167730 
75 165389.9166866, 
75183859. 9166002 
7520231 9165137] 
9.7522075 :9164272. 
-7 5239 19]9.91 63406 
752576159. 


7514691 


£ 


36110.1631364 
9371 343110. 1628657 


al 


10.083399 


10.083140 
10. 08322 
10.083313 


10.083 486 

10.083572 

10.0836594 
10.083 7461 
10.0838327 
10.0839195 
10.0840063 


10.24$7158 


10.2483 309 
10.248346. 
10. 2481615 
10. 2479769 
10-2477925 
104247 6081 
10-2474239 
10-2472398 
10-2470558 


10-2468720 0 
Secant. l 


5 


34 9 


Tangent, and Secants. 


— 


* 


Sine. 

9.7531280 
9 7533118 
9-7 534934 
9 7536790 
7 $3004 
9.7 540457 
97542288 
9-7 544119 
9.755949 


] 46 
47 
48 


9.7560544(9- 
9.7 562364/9- 
$756418219- 
267975 . 


9.91 59069 


9.7547 77719: 
wir 


— — ——_— —— 


29159237 


99158200 
9.915733 


9.91 56460 


9.9154718 
9.9153846 


9.9155589 


376755 
9.83 79465 
9.838216 
9.83 84865 


839367 


9.839837 10. 1691623 


9.840107 7 

8403776 
9.846475 
98499174 
9.841187 1 


8430739 
9.8433432 


lO, 1623245 
10. 1640540 
10. 1617836 


10.161133 
9.838757. 1612429 


9.8390273 [0.1629727 
9.839297 5110.1657025 


10.160432 


10.1 598923 
100.1596224 
(0.1593525 


10. 156926 
10. 1566568 


4 $436125110.1563875 
[0,1561183 


Secant. 


19.0840063 
10.0840931 
10.084180 | 
10.08426 c 
0.084354 

10.084441 
10. 084528. 
10 0846154 
1c. 08470 


10.084877: 
10.0 $4964<|.0 


10.0851396 
10,085227 


10.08 54024 
10.0854901 


10.0355779 
10,0856658 
10.08 $7536 
10.0858416 
10,0859296 
10.08601 76 
10.0861057 
10.0861939 


10,.0862821 
10.0863704 
10.0864587 
10.0865471 
| [10.0866355 


| 


10.850525. 


10.0853148]ic 


10.243703 
10. 2435818012 


10.430370 
10. 2430370] 8 


(0.246872 30 
10.246688 


9. 2465046 
. 2463210 
9. 2461376 


0. 2459743 
(0.2457712 


0-2455SS1 


(0,2454951 
10.0847 895]. 9. 


55 Degrees. 


Q 


8 


A Table of Artificial Hines, 


lang. + || |Secant. 
9-8452268 10.1 547732 10.866355 io. 2414087 7160 


9.8454956 10.1545044 10.0867 240 to, 2412283|59 
9. 845764401 0.15423 56 [10 0868125ʃt0. 2410481058 

84603 310.1539668 10. 086901100. 240867955) 
e 10. 1536982 |10.0869895[10. 240687 956 
9 


$465705]10.1534295] lo. 0870785 10. 240500 55 
$468399[10.1531610 10.087 1672010. 2403 2824 
5 


619.7596; 18[9.9128328 
719-759851519-9127440 9:8471075 10.152$925] [10.0872560[10.240148 

.760031119.9126551 9 $473760[10-+5262409| [10 0873449 10. 2399689052 
99.7 6021069. 9125662 9. 8476444, 0. 1523556 [10.9874338$[10-2397 894151 


109.7263899 9.9 124772] 9. 84791270 0.172873 [10.087 522b[10.2396101159 
1109.7605692.9123882 9.845 8481810 10.1518 190 flo. 0876118 10. 23 94308149 
_ [12]9-7607483[9.9122991] 9.8484492]10.1515508] [10.087 7009110. 23925178 

13.7609 274.91 229% 9. 848717410. 15128260 [10.087 790110. 23907267 
14 9- 7611063[9.9121207] 9.8489855|10.1510145] fo. 087879310. 238893 4 
2 2 .7612854]9-9120315} 9.8492536/10-1507464 10.087968 50. 23871495 

110 bovine 9119422] '9.8495216 10. 1504784] [ro.ob80578 19.2385 362144 


76164241991 18528 9. 8497896 10. 1502104 1o.08814 72110-23835 76143 
189 7618208(9.9117634 '9. 8500575 10. 14999425 110.08825 6610. 23817922 
199.7619992 .91 16739 2 85032 53 10. 1496747 0 0883261]10.2380008}41 

9.7621773 29115844 2 850393 110.1494209 10. 0884156 237822 515 
12 7 9114948 9. 5508608 10.149 7392 10.8855 2010.23 7644459 


„ n r 


— —ü—äẽq 


22.762533 7,9114051 g. 8511285 10. 1488715] l 887249 , 2574363565 
235.7627 116.9113155 f.85 1396110. 1486039 10.088684 5010.23 72884030 
24. 62889409. 91 12257] 9.85 16637 10. 1483363 10.0887 4310. 237110056 
163567 1.91 11379] 9.819312. 14806 — 0-2369329 > 

369.7632447. 91 10460 852198710. 1478013 20.0889 ee 86757, 
76 g¹ . io 8524661 10. 1475339 10.0890439 10.236577 : 
763 59909. 9108661 19.8527335f10. 1172665 10. 089133910. 23640042 
.8530008fr0.1469y92] f10.0892239 10.2362231Þ1 


49 963 796519.9307 701 
o6865| 19.853 268010.146-329] |no.aBg3140h10.2360y60Þ9 
SS” Eomans WH 
— M 


——— 


* TB: I 


— 


4... - 


Tangent, „ and Secants. 


Sine. 


7 


409. 9.7657 19719-9299 


4119- 07658957 
4219 76607155 
43] 9.7 662473 
2 


70g 7639092415 9. 8706860 
2119 0 7641311 9-9195959 
529.7643080. 915957 
564484919-9104155 
9.76466161|9-9193251 
3519-76 2838299192348 
3699. 76501479.9101444 
3719-7 651911|9-9109539 
3$[4.7653674 9-9999634 
396 7655436 


98522883281 
9.90923 71 


5 719-7 68696619. 
58k ; . * 


E. by 7 


9.907970 P. 


9. 9098728 
9. 9997821 
95596915 

9- 9096007 
9.9095099 
9. 9094190 


99091461 


9.90905 5O 
9.908963 


5019. 174740% 288725 


6 


$$ 8501980 


| Dine. 


.9533335² 
9.85 38023 
9. 8540694 
9.8543365 
9.874034 
9. 8548704 
98551372 
9.855404. 
9.8556708 
870 


9. 8562042 


9.856408 
8567374 
9.85 70039 


8 8572704 — 


9. 8575368 


' .$5 78031 O. 


9.85 80g 


3 5 Degrees. 


10. 1467320 

—— 
10,1454648 
10.146197 7 
10. 1459306 
10.145663 35 
10. 1453966 


10. 1451296 
to. 1448628 
10.1445959, 
10. 1443292 
10. 1440624 


10.143795 
10.143529 


9.8583357 


9.8586019]10. 


85886 
9-8591341 
9.85 94002 
9.85 96661 


| 9. 8599321 — 


Secant. 
10.089314 140 


10 0894041 


10.0894943 
10,0895845 


[19.090217% 


10 og 1401 


10-091 5841 
| 5516755 


10.089649 
10. 0897652 


10. 08985 30 


10 — 
10. 9ο 
o. 901 27: 


100903085 
10. 0903993 
10.0904991 
lo. ogo 58 C 
to. 0906719 
10.090761 15 
10.0998535 


10.9945 
10.910361 


10.091492 


10.2360460| 


10.2358689 
190.2356920 
10. 2355151 


190.2353384 
10. 2351618 


102349853 
10. 2348089 


o. 23463 26 
102344564 
10. 2342803 
10. 2341043 
12-2339285 
[0.2337527 


10 2335771 
10 2334015015 


10. 2330509 
10.2328 756 


12 


1 
— 


— 


2 Table of artificial Sines, 


— 


36 Degrees. 


Ml Sine. | ang | [Sccant. | 
> - r — — — — —— — 2 ñ—ü4H1 
29.769218 9.99795 76; 9.861 2619 10.1 357392 l. 9204.4 10. 2307813 60 
109.7693925 9.90786 58 9 8615267 190.1384733 ane 59 
29.769566219.9975 749, {9 $617923 10,135297 7; 19.092226510.2304335 T5 
3,9.7697398 9.997 6820! [9.$629g7 $119-1379422, 10.0923 180.10. 2 302 60205! 
4 97699134 9.997 $9ol' 9-5623233 1 487676 10. 92409910. 230086050 
222 700868 9.974980 9.8625887 10.137413 [19.0925920/10.2299132155 
69.7 7026019. 907439 [9-5625541110.137 1459} [10.0925941110.24297399[54 

| 79 776433 99073138 9.863 1195/10 1368805 10.0926862[10-2295665[53 
89. 7706063 9.907 2216 9.8633 880d. 1366152 [10.0927784[:0-229595 7152 
919.7 707 7930.901293 9.863650 010.1363 50 [10 oο Hg. 229220751 
199.7709522. 90737 9.863917 2J0 10.136848 10. 9296300. 229047850 
1109.77 112499. 9069446 9. 8641803 .o. 1358 %%% 10. 09395541. 228875 149 
1209.129769. 9068522 9. 864445410. 135554 10.093 147 g 10. 228 702448 
139.7714702 9567597 9.8647 105/10. 1352895 10.093 2403102285298 
140.77 16426. 9066671 9.864975 510.13 50245 10-0933329,10-22835 74146 
1519-7 71815019-9065745] ,9.3652404[19-1347596 10.0934255[10-2281 850445 
169.7719872 9.90648 19 9 865 505 310.1344947 10.093 5181010 228012844 
179.7721593 9.906389. 9.8657702 10. 1342298 10. 0936108110. 227840743 
18 5472331 90629640 [9.86603 50010. 13396 00 [10.093 7036110.2276686|42 
1909.725033 9. 9962030 . 866299) f 0.133 1003 [10.093 7964010. 227496741 
2009.772675 9.9061 107 o- 866 5644.10. 1334355 flo. 93889310. 227324940 
219.7284689. 9060157 . 8668291010. 1331709 10. 093982310. 227 153239 
229.7730185. 9059247 [9.867093 7 to. 1329063 [10.0940753[10.2269815138 
2319.7 7319009. 9058317 [9 867358300. 132641) 0.0941 683|10 2268100 37 
177545544 86762280 13237721 10. 94261410. 2266386636 
25[9.7735327[9-9956454] [9-8678873[10.1321127] lo. 1043 5461.226463 
2009.7 73 10399. 90555220 9.868151 710. 13184830 10. 094447 810.2262961 34 
9.7 73$74919-9054589] [9.8684160[10.1315840] [10.0945411]10-2261251 33 
77404599.905 3656] [9-86868041|10.131319 10 09463 10.2259541[;2 
.7742168[9.9052722] 19 868944610. 13 105544 [10094727 10 2257832 31 

9.7 74387 619-905 1787] (9.8692589110.1307911] [l0-0gg821g 10.2256124 30 

| Sinc. Tang. ſdecant. 


42 Degrees. 


— 


—— —ę—. —2 — 


Tangente, and Secants. 
36 Degrees. ? 
Sine. Tang.“ Sccant. 3 
9-7 743876 99031787 9. 8692089 10.137977 10 gg 3010.226124 30 
774558309. 9050852 9.869473 010.1305 269 10.0949 148 102744179 
77472889. 9949916 [9.8697 372010. 13026280 [10.0y50984|10-22527 12128 
77489939. 9048980 9.8 700013010. 1299987 [10.0951020]10.2251057|27 
3419-7 7 0697 9. 0e, 9. 870265319. 1297347 10 095195 7[10-2249303|26 
2.7 752399]9-99471<6, |9 8705293 10.129477 |10,0952894110-2247 691 25] 
36/9.7754101]9-9046168, [9-8707933/10.1 292067 |10.c953832]10.2245899/24 
» 1379-77 558011[y-9945239; [9-87 10572 10. 1289428 10. 09547 70 (0.2244199/23 
389 5 757501[9-99442941| 9.87132 1010. 1286790 1.977709 10. 22424992 
399.7759199 9.943351 8715848 10. 1284152 10.956649 10,2240801|21 
40 .776089719.9042411 9 8718486 19.128151 10.095 7589110 2239103/20 | 
4119.7762593[9.9041470] [9.87 21123 10.127887 10.0958530 (0.2237407/19 
42[9.7 764239/9.9240529| 6.872376 10. 1256240 10.095947 1010223571118 
439.7765983 9.903987 b. 8726396 10.1273 10. 960413010. 223401 717 
449.7767 6769.908644 [9.5 729032 10. 1210968 10.096135. 223232416 
47.769369 p.90 3771/ P. 873 1668 10. 12683320 [19.0962294[10-2230631/15 | 
4609.7 710609. 9036757] P. 873430210. 1265698 100000088 10.2228947(4 
4797772750 b. 903 5813] . 873693 710.1263063] [10-0964187[10.222725 3 
489 7774439 03486 7395711269429 10. 0965132 ʃu0. 222556112 
499.7776 12809. 90339230 p. 8742204010. 1257796 0.966077. 2223872IU1 
50 2781599032977 874435 10.125162 [10.9967023[10.2222185[to 
5119.7 77 9501[9.993203 1] . 8747470010. 1232530 0. 09696910 2220499] 9 
529.7811869. 903 1084] [9.87 50102010. 1249898 10.096 89160 a218d14] $] , 
13.778287 903013 9.87 52734[10.1247266| 10. 096986410. 2217134 
5419-77845 53(9.9029188| . 875536510. 1244635 [10.0970812]10.2215447] 6 
1186235 902823 875729610. 124 2004 10,0971761 10.2213765] 5 
17$7916/9.902 7289] b. 8760625 0. 1239373 [19.0972711[10.2212084] 44 
7789596 9. 9026339 9.876325) 10. 1236745 10.097366 1010. 22 10404 3 
12912755.99233 876588610. 1234114] 10.097461 1010.220872 a1 
77929539. 902443 87685 150.1231485 [10-097 5562110.2201047] x 
.1194639/9.9023486| [9.87711 44ſ10-1228556} [10-9765 14110-2205370] 0 
Sinc. I Iang. zecant. 
53 Degrees. 


A Table of 
37 Degrees. 


M] Sine. Lang. —.— N 
. 019-7 194630 99923486, 9 877114410. 228850] [10.097651. 0.22053 7c|60 
"7 9.7 79630619,9022534, [9-37 737 7411 0.1226225] 410-097 7466 10.2203 694059 
2'9-779798119.9021 581} % 8776.122360 [19.09 ; 84190. 2202019555 
39.779965 5. 9020628 [9.87 79027[10.1220973] f10. 0919372 0. 220034555) 

| 419-780132d 9.9919674i [9-8751654,10-1218346] 0.09803 26010. 21986726 
_$519-789300919.9018719, 38784281[10.1215719 10.0981281110.2197020[55 
9.780467 119.9017 764] [9.8786997[10.121 3093] flo. 098223610. 2 19532954 

| 799.7806341. 9016808 o. 878953300. 1210467 [10.0983 192]10-2193659153 


89.7 8080109. 9015852 [9.8792158|10.1207842| 10. 0984148010. 2191990652 
99.7 809677 9. 9014895 [9.879478 Jo. 12052180 flo o985105[10,2190323[51 


109.7811344 9.901 3938 9.879707 L. 12025930 [10.0986562]10.2188656150 
11 9.7813010(g.901298 9.5$00031|[10.119996 | [10.0987020419-2186990[4y 
12 9.781467 519.901 2021] [9.8502654|10-1197346] [10.098 797910. 2185325 4 


1319-7 $16339/9.9011062 58805277 10. 1194923] flo. 98893 810.2183664 
149.7 8 180029. 90 10102 [9.8807g02[to.1192109} [10.0989898]10.2181998146 
159.2819564 9.900914 [9.8810 522 [to. 118948 [10.0990858[10-2180336)45 
169.7 821324. 908181 9881314410. 118685 [10.0991819]10 2178676144 
7822984. 9007219 9.88 1576510. 118423 5 10. 0992781010. 2177016 43 
1809. 78246430 9006257 9.88 18386ʃ10. 1181614 f 
19.9.7 8263019. 9005294 9.882 1005.0. 1178993 
7821958 9.904331 .88236 270.1176373 0 
21097829614. 9053367 [9.8826246|10-117375 0.99663 310. 2170386039 
2219-7 83 126809. 9002403 9.8828866\0.1 1711344 — . 10.2168732138 
9-9001438] % 8331484)10-1168516Þ [10.099856 10 2167078137 
99900472} 19.$8834103110 1165893] 110.0999528[10.2165425[36 
9.8999506 9.8836721j10.1163279 0.1002494410-2163 773135 
d 7 9.8998539 9.883937 10. 11656624 flo. 1001461 10. 2162122034 
81948997 572] [9.8841956{10 11580 0.10024 1016047263 
89966 9.88445 72ʃ10. 115 f4 a8 [10 10033 
989956360 894718950. 1152811 o. 10043 
9.89946) 9.83498-5 [0.ItSolgs} 10-1005333010.21555 


Sinc. | | Tang. 


8 


Tangente, and Secants. 


Sine. 


* 

$0[9-784447 1]p-3994657 
3119 7846117 
32/9-7847762 
; 9 7849406 
9.7 51049 
9.7852691 
2619-7854 332 
719-7855972 
9.78576 
9.7859249 
7860886 


9.899272 
98991756 
9.899784 
98989812 
9. 8988840 
9.898 7867 
9.8986893 
9.898 5919 
9. 8984944 


9.599369 


9. 8983968 


9.8982015 
9.3981038 
9.8980062 
9.897908 2 
9.8978103 
9.8977123 
9-8976143 
9.1877 202/9:897 516: 


469. 7870687 
*[9.7S72317 


9- 8952992} 


Je 


51 9.787882 9-5974t81 
529.7880453 98973199 
539.7882077 
549.7883 7019 8971233 
369.2885323 28978249 
569.7886944 8969265 
579.7888565 9.896828 
589.7890184 9.896 7294 
59.789 18029. 8966308 
609.789 34209.8965321 


Sine. 


98972216 


9. 892809810 107195 


9. $849855 * 
885242. 1147558 
9.885503 510.1144965 
9.88576 ft. t 1423 50 
886026410. 1139736 
8862978010. 1137122 


10. 1005333 
10 1906303 
10 1007273 
10. 1008244 
lo. iooga i 


9.886 5492010. 1134508 
886810510. 1131895“ 
8870718· 0. 1129282 
88733300. 1126670 

9.88759 42 to. 1124058 

9.88785 54/10. 1121446 
8881165ʃ10. 1118835 

98883775 to. 1116225 

9.88863 86·0. 1113614 

9. 8888996 to. 111 100 

9.889 1605[10.11 0$39i 

9.3894214[10.110578 

9.8896823[1t0 1 

9. 8899432 
9 8992040 

9.890464; 

9-8907254 

9.8909 6 

9. 8912468 

98915074 


19.109533 
10. 1092746 
10. 1090139 
10. 1087532 
10. 1084926 


| 9. 892289010. 1057101 
9.89259 . 


10. 1011160 
IO 1012133 
10. 1013107 
10. 1014081 
10.101595C 


[0,I01700t 
[0.101 7985 
10. 1018962 


; 10. 101994 


[0.10209tt 
10. 102189 
10. 102287 


10. 102385 
10.102483 


10. 1025815 
10. 1026801 
10 1027784 
10. 102876 
10. 102975 


10. 1030735 
10. 103 1720 
10. 103 2700 
10.103 3692 
10.103467 


10. 1010188 


10. 1016032 


10.2154 


10. 21538835 
190.2152238ʃ28 


0. 2159594 
10. 2148951 
10. 2147309 
10.2145068 
10.214428 
10. 2142389 
10.214075 
140.2139114 
10. 2137478 
192.2135843 
10. 2134209 
192132576 
10 2130944 
102129313 
10. 2127683 
10. 2126054 
to. 2124426 
10.2122 798 


(O-2121172} 9 


10-2119547 


10.2117923|- 


10.2116299 
190.2114677 
10. 2113050 
100.2111435 


10.210 198 
10. 2 106580. 


Iccant |: 


10.210581 61 


2 10 — 15 9 þ wn A 


n 
* 


52 Degrees. 


3» 


= A Table of Artificial Sines, 
| 38 Degrees. 


2 Sine. ang. |, [Secant 


| 9.7893420| 9.896532: 989209810. 107 1902 10. —— = 
7 2— 9.89643 34] o. S9 3070 10. 1069298 [10. 1035666110. 2 104964 
2.9.7 8966 529.8963340 lo. 8933306 1. 1066694. 103 6654 ʃ10. 2103348058 

78982669. 8962358 9.8935 909 10. 1064091 10. 1037642. 2101734 5710 
49.7 8998809. 8961369 9.89385 1110. 1061489 10.103863 1010. 210012056 
3. 9149309. 9.896037 149.8941114 10. 1058850 10. 103962 1010 2098507 5 


SW | 
co 


| 619.7903104'9. 5.895938 9.8943 715/10. 1056285 10.1040611 10. .2096896 54 
719-7904715[9.3958398] [9.8946317/10.1053683| 10. 104 1602110. 20952853 
89.7 9063 259.8957406 19. 5948918 0.105 1082 10.1042 594.10. 20936752 
99.790793 3.895641 1g. 35577190 10. 1048481 10. 209206751 


9.995 9-395 895411 10.1045881 10.10445 78[10.2090459152 | 
1119.791114819.8954424| |9.8956719 10.1043281 10. 104557 10. 8 49 
9. 895931910. 1940681} 10. 104656510. 2087246040 
9.8961 918 10. 1038082] [10.104756 — 47 
14 9-7915963 8951445] |9.8964517 10-1035483| 10. 104855 510. 208403 704 
Is 9: 791756 895045 9.896711 16 10.103288 (10. 104955010. 208243465 
165.7919 168.8949453 9. 9697 14 1410. 10302 10.105054) 10.208083 2144 
17 9.7920769]9-8948457] [9.89723 1410. 10476880 [10.105 1543010. 207923 103 
18, 9. 792236 8947459 [9-8974910[10-10250 10.1052541,10.2077631 42 
19 9. 9239689. 89464610 [9.897 7507[10.1022493 10. 1053539 10. 207603261 
1 56619.8945463} 9.8980 logo. 1019896 10. 1054537 10. 2074434 
8982700 10. 1017 300 10.1055537 10.207283 7139 
.$985296[10,1014704] 10. 1056536010. 207 1240138 
9.898789 2010. 10121080 flo. 105753 7010. 206964513 
899048 710. 1009513] fro. 105853 810. 206805 1136 
899308210. 10069180 flo. 105953910. 206643753 


899567710. 10043230 lo. 10605 g2[t0.2064865}z4 | 
899827 1.0. 1001 729 flo. 1061544010. 2063 27333 
.yoo0865110,0999135| 10. 1062548010. 206168332 . 
.9003459[10.0996541] [10.1063552Þt10.2060093}31 


«9006052 10.0993948 10.1064555þ10-2058504130 
Tang. Secant.þt 


51 Degrees. 


13 9.79143 59.895 


23 


Tangente, and Secants. 


38 Degrees. 
Tang Secant 


9.9906952[10.0993945| 0. 10645 56[10.2: 58504]30 
9.9208645110.0991355 


.7195575119.8926375 
.795733019-5925365 


10.107 7671110.203793d[17 
10,107$684|10.2036362[16 


45 10. 1079697 [lo 2034788/15 
469.7 10. 10807 1110. 2033214014 
475.7968359 9.891 8a 26010. 203 1641013 
489.7969930. 10. 20300501 


57.984034. 890809 
585.798 55969.590 171 
p 5ylg.7987 1 5819.3 
60 79887 1809. 89050 
Sine. | 
1 Degrees. 
1 1 P 2 


| 


4 10. 105375. 2028499011 
5 10. 10847 74[10-2026929/19 
19.79 9.891420 10.1085792]ta»2225 360} 9 
- —.— 98913191 10.lo8680g}t0.2023792] 8 
539.7977775·89 1217 10.093439 

549.797934½.89 1113 10.093181 

559.79 9.89101 O7 


A Table of Artificial Jiues, 


= 


|oo ow olnawymp lo 4 
SZ 


py wy 
92 — 


39 Degrees. 


Sine. 
9.7988718 


9. 890506 


9. 7990278 
9.7991836 
9.7993394 
9.7994951 
9.7996507 


9. 8 o go 
9.892979 
9.8901954 
9.8950929 
9.8899923 


7998062 


9 1999616, 
9 8001169 


9.889887 
9.8897850 
9.8896822 


9.80027 21 
9. 8004272 
9. 8005823 
9. 8007372 
9.8008921 
9.8010465 
1519-8012015 


9.8013561 


122 
23 
124 

25 


9.801973 
9. 8022816 


9.801 510 


9. 80166499 
9.8018192 


98021276 


9.8024355 
9. 8025894 
9.8027431 


26 


9:8028968 
27 9BD3agoe 
289.8032038 
29 90837887 
| * 9: 


9.8892706 


9-888 547 


9.8895 794 
9.8894.765 
9.8893 736] 


9.8891675 


9. 88906444 


9.8889612 
9.88885 80 
9-887 547 

.3886513 
9.888 8884444 
[9.888340$ 
9.8882372 


9.8881335 
9. 8880298 


9.887 9260 
9. 9.885 $221 
9.8877 182 
9.8876142 


—— 


9: £03505 


9.8875102] 
cn 


| ſang. | 


9. .9983692,10 10.0916308 
9 9036275; 10. 0913725 

9.90888 580.0911142 
9. 909 1440.908560 
9-9094022;10.095597 b| 
2-9096623110,0953397 
9.90991 85/10.099981 5 
9.9101766|10 0898234 
9.9194347/10.0595653 
2.9196927j10.0893273 
1:9109507[10.9599493} 
3-91 12087j10.08587y13 
9.91 14666 10.0885334 
.9117245|[10.0882755 
þ 9119$24410.0850176| 
9.9122403119-057 7 597 


9.912498 10.08 35019 
9 9127559f0. 08 712441 
991301370. 0869863 
9 9132714 
9-913 5291110: 
9-9137868 
9.914444 
9 9143020 
9-9145596 
99148171 


9575741884927 


9.9153322 10 0846678 


9.955896 10.0844104]- 


9 


| 


j10-1109356,10.1959532 
10.1110388 org 


Secant.| 


10594974 
[0.109 5997 
10.1097021 
10. 1098046 
[0.109997 1j10.2005049 
[0.1199097[10.2003493 
10.1101125,10.2001938 
10.1 102150[10-20003 84 
19-1103178[:0.-1998831 
10 1104206]10.1997279 
10.1105235 10-1995725 
10. 1106264 12-19941 77 
I0.110729 11041992625 
I0.1108325110-1991079 


10.201 128; 


——̃ — 


I0. 2009722 5 
10. 2008164 
10. 2006606 5 


10.1111420,10 1986439 
10.1112453 

101113487 
10. 1114521 
101115556 
10.1116592 
10. 1117628 


10.1978724 
101977184 


10.111970. 1974106 
10. 1120740010. 1972569 
10. 112177910. 1971032 
191122818010 4969496 
10. 112385810. 196790. 
10. 112489810. 1966428 


10.1124 993 | 19.984895 


10. 198489404 


10.198335. 
10198180804 
10. 1980265 


10. 1118665. 1975645]; 


_ — — — — — — 


Tangent, and Secants. 


Z 39 Degrees. 


Sine. Tang. 8ecant. 
09. 98635105 9 8874061 11085 10,8855 10. 1125939 0. 2904893. 39 
319.8036637 9.8873019] [9.9163 95163678010 836382 10.¼11269 810.1963363 363, 29 
329. 80381689. 8871977 9.916192 10.083 23808 10.112S023|t0 1951832 28 
80396999. 55709340 99168 76510 0831235 110.1129066[10. 1960321 /27 
24 8241228 9.8869890 4 9171338/15.0828C62! [10-113011c|to 19587 72 26 
3398.80 8042750 9. 8868840 9217321 19. 0826089] 10.113114 10-1957243 '25 
565. $0442.84 9-886; 801 99176483 10.0823 33917] {10.11321 9910. 195571624 
379.8904581 1ʃ%. 88667 56 9. 9119955, 10. bag 10. 1133244 101954189 23 
389 88473369. 88657 100 9.918162 10. 08183730 10.113429 0. 195266422 
399. 8048369 9.8864663 9 9184198 10: 5815802 20.113533710. 195113921 
— 2 8350385 9.886316 9 9196769 19.0813231 10.1136354 10 19495615 20 
41,9. 8051908 9.8862 56 9. 9189340 10.810660 10. 1137432 ʃ10.1948092ʃ19 
429. 805343009. 8861519 9.919911 10.808089 10. 1138481 10 19 467% 
43 9.805495 9.586047 9.919448 110.0805519 10.1139530[10.1945049 17 
449. 80564729. 8859 4200 9.919705 f 10. 0802949 109.1405800. 194352 846 
45 9.8057 991 9.885837 9. 222.21 10. 0800379 19, 11416310. 1942209 15 
469.80 595 10. 8857319 9.9202191 10.07 777809 19.1142681110. 194049014 
9 $061027/9.8856267| 5.204760 10.795240 1011437350. 193897 3013 
1809 8062 5449.585521 9.207329 10.792671 10.1144785/10. 19374356012 
499.8064060 9. 88541620 9.920998 10.7901 10.114583 8010. 1935940ʃU 1 
50 9.8065575 9.8853109| 9. 9212466 10.0787534] 10.114689 -0.1934425 10 
51 9.806 89 9.88 52055 9. 92159341 10-0784966| 18 147945 101932911 1932911 
5219.8068602 9.885 100 9.921760. 9782398 10.114900 10. 1931398 
53.9. 80 0114.884994 ,9-9220170|10 0779830| {10,1150055}t0.1929586| 
549.8071626 9. 8848889 9.922273 /f. 0077263 [o. 1151111ʃto0. 192837 
5519-807 3136 9.8847832] 9.9225304 100774696 19,11 5216S110.192686 
8074646 9.8846775 9. 9227871 to. 772129 10.11532 250.1925335 
80561 549.8845717 949230437 [10.0769563] |10,1154283 
807 7662/9.8844659] 9.923 3004 100766996 [10,1155341 
:8079169|9.8843599| 9.92 335 79110-07 2385 10.156401 
9.808067 5 9.8842549] $,9238135]10:0761 10.174010. 


Sine. | I [ Tang. | þ 


50 Digreas. 


— Al... ttt. 


= —_ 


0 — . I . 


Il 
| 
; 
f 
* 
i 


A Table of Artificial Sines, 
40 Degrees. 


dj Sine. | Lang. | [Secant. 

: ol9.808067 5.8842 540 9238135 10.101865 10.1 15746 10.1919325 6o 

7 9.882180 8841479 99245701 10.07 59299, [10-1155521[10.191782-159| 
29 8083684 9.8840418, 9243266 10.0756134 (10. 1159821019163 16658 
3j9.8085 18819.58393 57 9245831010. 07541 10. 11606430. 191481257 


4.9. 80866909. 8838294 9.9248396 10.07 5104 10.1161 706.10. 19133106 
179.8088192 9.8837232 [9-9250960110,0749249| [10.1 162768110.191188|55 


—— 2 ¶ — — 


69. 8089692 9.8836 168 9.9 25352410. 0746470 (10. 1163832010. 191030864 
| $8:100743912] [10.1164$96|10-1908808|55 
| 89 809269 109.8834039 (9-925 8652 10.07413 10.1165961[10.1907 309552 

99. 80941 899.8832974 19-9261215110.07 10 1167026110. 190581161 
10.0. 809 568609. 8821908 (992637? 10,0736222| [10.1168092110.1904314150 


ae | :9.9266341 10.97 33659] 10.116915 
0 + 
139.8100172 9.8828 706 9.92714 


1409.8 101666 9.8827638 9.9 274028010. 0725972 flo. 11723610. 18983; 
| (8826566 9.927659c[15-0723410} 10. 113432010. 1896841 


9.9279152110.0720548; 110.1174500 189535 

'9.92317 13]10.0718287] 0. 117557210. 189385943 
9.9 284274010. 0715726 [10 117664310. 1892369042 
9.928683 510.0713165 [10-1177715]t0-1890879141 


928939610. 07106 10. 1178787“. 1889391 f 
99291956010. 07080 10. 1179860010. 18879040; 
92945 100. 0705484 10. 11809330. 188641738 
9 9297076[10.0702924| 0.18 200810 188493103 


10 0700364] 10. 118308210. 188344600 
9302195110.0697 855 10. 118415810. 188196203; 
— —— — — — 1 2—EUäc 2 

10.069 5245 (10. 118523410. 1880479 34 
10. 0692686] 10. 11863 11010187899) 33 
-9309872110.0690128] [10.1187388[10.1877516 32 
9 9312431110.0687 56g] [10.1188466110.187603 5031 
119.9314989[10,0685011 10-1189545 10.1874556[z0 


— —_— 


49 Degrees. | z 


Tangente, and Secants. 


40 Dexrees. 


— 


. 


E Sine. 1 Secant. | 

3998125444 9.8810455| [9-93 14989 100085077 101 1189545[10.1874556 30 
319. 9.816923 . «9317547[10.0682453 10.1190624[10.187 3077 29 
329, 812840109. 9320105f10 679895 j10,1191704 101671399 28 
339.812987809. 9322662 e 10. 11927851 0. 187012227 
349. 813135499. 9.9325 22001 0. 0674780 10. 119386610. 1868646 26 
2 9.8132829 a — 9327777 10.0672223| [10.1 .1194948[10- 186717 1'25 
369.813 81343030. 9.93303 34 f. 069 [10.11 96030|10.1865697 24 
379.8135777. 9.933289 10,0667110| 10. 1197110. 1864223 23 
589 813725009. 9.933 5446 10.066645 54] 10. 1198197 10. 18627 50/22 
=p 813872109. 9933800310. 0661997 10.1 199281 10. 18612791 
81401925. 9 934057910. 06594410 10.120053 60 10 1879808 20 
Mea '9:934 9343114 19,0656886| 10.1201452110, 1858338019 
9.814313 9.879746 9. 9345670 10 2644330] 10.1 20253810 1856869 18 
22 5 555 87963 9.348225 10.0651775 [10,1203625 10. 18554001 | 
$146067/9 8795287] 19.9350780/10.0649220] [19.1204713[19-1853933/16 
45'9.8 147 534.8794199 9. 93533351¹⁰ 0646665 10. .I1205801]10.1852466 i5 
2 9355889 10.0644111] 10.12068 (0.1851001]14 

9.9358444/10-0641 556] |10-120797910.1849536]13 

9.9360998{10.0639002| [10.1209050[10.184807 2112 

9.9363552/[10-2636448| 10.12 101600. 18466091 1 

9.9366105 10.0633895] (10. 121125210. 1845146010 

9.9368659 10-0631341} [10.1212344|10 1843685 g 

'9-9371212[10-2628788} 10. 121343710. 1842224] 8 

9.93 737650 0626235 10.121430 010. 1840765] 7 

«$4.44 <1 10.0623682f fro. 121562410. 1839300 6 

78871/t-O 621129 10. .1216719110.1837848] 5 

9.9381423[10.0618577 10,1217814[10.1836391 4 

9-9383975|10.0616025| 10.1218910 10.183493 3 

5819.8166521/9.87 79994] 9.938652 700.6134730 [10.12 10.1833479] 2 
.$16797 519.87 78896] 9.9389079}10-0610921] [10.12211 (0.1832025] 1 
8169429 9-8777799] 9:9391631]10-060836;} [10.1222204]10.1850571] „ 

| Sine, || ITang. Pecant. 


49 Degreer. 


A Table of Artificial Hines, 
41 Degrees. 


* 


Secant. 


10.1222201 
10.122330. 


| 
by dine. | l | ang. | 
019-8169424 19.87 7799 19-935 e te 569 
19.8177 817 088. J). 2.87 76500 9. 9394182110.0605818 
2 9.8172334[9.8715601] 9.93967 33|10-0603267] 10 224395 
3\9. 81737859.8774501 9.9399 284 10,0600716, 10. 1225499 
49.817523 5%.87 73410 9.9491835]10.0598:65| [10.12.6599 
52.8 8176685. 8772300 2 9. 9494355 10.0595615 110.12:770-"1 
| 5817813319. $771198 9. 5.940693 6 10.0593064] 10.122880 10.1 82186) . 
79.817958 19.877006 9.9409 48610. 059 514 10. 1229904 fo. 18 2041953 
8 9. $1$1028{9. g- -68993 9.9412036[10.0587964] [10.1231007[10.181897 215. 
99818247 409.8767 8891 9.944585 to. 585415 0. 123211110. 181752605 
109.8183919 8766785 9-9 9417135j10.0582865] [10.1233215110.1816081|5. 
.$185364[9. 2.8; 65680 9. 5-9419684 10,0580316 10. 1234320010. 1814636 45 
1298186807 9.8764574] 9-9422235110.9577767| flo. 1235426 10. 18) 319314: 
139.8 1882 5009. 87634689. 94247 8210.055218 flo. 1236532 10, 18117504 
14 5.818969 29.876361] 9.942733 100.0572669 10. 1237639 0. 1810308 
15 9-$191133[9.8761253| 2429899121 110. 1238747] 10. 1808865 


169 $192573(9.8760145| 9-9432428]10.2567 572 10.1239855|10.1807427 
17 9.8194012[9.87 59036] 9-9434970[10.0565024 þ0.1242964 10. 1805988 
189. 81954509.8 757927] 9: 9437524010. 0562476 10. 1242073 10.1 8045 50 
199.8196888 9.8756816 9449675 10. 0559928 10 1243 184.0. 1803 11204. 
209. 81983 25 9. ee 9-94426 I 10 0557 381 19.124429 19.180167 5[40: 
21 9.81997 619.87 5459 9-9445166[10.0554834| |10-1245406{to.1800239/35, 
229.8201 1969.8753482 9. 9447714 10.055228 6 10. 1246519 10. 1798804038 
25 918252635087 5256 9.9450261[12.0549739 10.124763110-1797370]37 
24'9. S204063 9.875230 9.9452807119.0547193 [10.1248744 10.179593 7136 
25 9: $20549619.87 50147] 9-945 5354/19 2544646 10.1249858/10. -1794504 30 
26 9.520692 9 8749027] 9.945 790010. 0542 100 110.1250973 


19.183057 106 
to, 182911805, 
10. 1827666058 
10.1826215 5" 
10. 18247650 
10. 182331563 


+ 


46 
+) 
4. 
4: 
4. 


—— 


10. 1793073 34 


27 82083 — 9.8747912 
289. 32097 88.8 746093 


29, Nn 
309 55 8744501 


4 9460447 
9. 9462993 


[0-05393J3 
10,0537007 


9.9465 539119-05 34461] 
9.946 8084, 10.2531916 
| Tang. 


10. 1252088 
8 1790212 


10-1791642 


10.1254321|10.178878z 
19443 


10.178735 


33 
32 
1 


21 Sine. | 


© 48 Degrees. 


decant. M 


3 


7. angents , and Secants. 


— 


41 Degrees. 


— 


42 nana 


408235580 


180 8238213 
499.8239626 
902-8241037 
51 9.8242448 
529.8243858 
33 8245267 
549.8246676 


Sine. 
| 1 rr 
319.8274573 , 5743443 
329 8 


41 $ 8228302 


8232553 9.8728849 
3.8233971.8727722 


47P. 82368009. 8725466 


874323 
98141235 


[9:87 40085] 


977.8738965 
11988737844 
5.8736722ʃ 
— 87335599 
28 9724725 
9.873332 
9.873222) 
9.873110 
389.8729976 


9.8726594 


9.8724337 
9. b er. 
9.8722076 
9.8720945| 
8719813 
9.8718681 
9.8717548 
9.87 16414 


9.8715279 


9 Tang. | 


9-9468084 10 054 77976 
9. 947063 10.05 29370 
947317510 0526825 


947 5720/10.0524280 
947 8265/[15.0521735|, 
9 9480810/10.0519190 


9: 9483355[10.0516645 
3-9485599/10.0514101 
9.9488443/10.0511557 
99490987 10,0013 
þ 9493531] 190596469 
5 9496075 10.503925 


9.949861 9/10.5501381 
9-9501162 10 498838 


9.9544374110-0455620 


9.9593705 10. 0496295 
9.9506248/10.0493 7 52 
9508791 10. 0491209 
951133410. 0488666 
951387610486124 
951641910. 9483581 
99518901 10.248 1039 
9.9521 5030. 0478497 

9524045/10. 9475955 
9:95 26587110 0473413 
9.95291 28[10.0470872 
.9531670 1004683 30 


9.534211 0465789 
9.9536752110.0463245 
9.95392 93110,0460707 
9-9541834[10.0458166 


_— 


Tang, 


| 
10.128131 
kv 1282452ʃ10.17533 


Secant. 


— 


Y 


10.1255439 10.1787 354.30 
10.1785927 29 
10.125767 5|10-1784500 28 
10. 125879510. 1783074 27 
10-1259915|10-1781649 26 
10,1261035[10- 1780225 25 
10.1262156 10-17 78802 24 
10.1363278 (0-1777379/23 
10-1264401110. 177555822 

10.1265524ʃ10. 177453721 
10. 1266648 /10 177311 7/20 
10.1267773 10. 1771698 19 
10.1268898 10.177027g9|18 
10. 127002410. 17688621 | 
19.1271151110-1767445\16 
19.127227${10-1766029|1 5 
[0.17 64614114 
10. 1427453410. 176300013 
10. 127566310. 1761785¹ 


10.1250557 


10.127340 


10.1276793 


101279055 
10. 1280187 


10.1277924ſt0 


48 Degrees. 
| Q 


—— —_ 


* 


A Table of Artificial Hines, 


42 Degrees. 


| 
| 
| 
| 


| 
| 


| — 319-867 6309 


Sine. 
571098710735 
119.8256512.8709 597 


209.8257915 87084 58, 


— — —— — 


1009. 82690 98 9.8699326] 
11{19.827049319.869$182 
129 82718870. 


15 982760639. 8693 59; 


169.8277453. 8692449 
17.9. 82788439. 8691301 
18 9.828023 110.8690152 
19 9.82816 199. 86890 
20 9.8283006 9.868785 
21 9. 82843939. 8686700 
22 9.828577 819.8685 545 
239.8287 16309. 86843 90 
245.8288547 9. 8683242 
25 9.828993 9. 8682088 
269.8291312 8680934 
2719 82926949.8679779 
2809.829407 5.867 8623 
299.5295454. 867 7466 


ang. | [Secant. 

29544374110 0455626 10.1289265 10.1744891155 
9.954691 5[10.0453085| [19.1295403[19.1743 88055 
99549455} 2-0459545] [19 1291542110.174208;[58 

9551995120.0448005] [10.12926$1]10.1740686|5 7 

9554535 10. 0445465 [10.1293821 2 1739285/6 
9-95 57075119-0442925] 10. 1294961 17378865; 
9.9559615[10.0440385| 10. 129610010. 17 3648054 
9-9562154/10.0437846| 10. 1297244010. 173 50903 
9.9564694 10.043530 10129838710. 17336935 
9.957233 432767 f. 1299539. 173229761 
9.969774 10 043028 10. 130067410. 17309 5⁰ 
9.972311 % 427689 10.131818 10. 7529507 49 
907750 10. 425150 10. 1302963 10. 17281 1348 
9.9577389 0.0 4226110 flo. 1304109 10. 17267214) 
9.979927 10. 0420073 10. 1305256 10. 172532946 
9882405 10.047350 [10-1306403110.172393 7/45 
9.958 5004. 414996 1013075510. 17225474 
9.987542 10.0412458 10. 130869910. 172115743 
9.y590080/10.0409920| (10.1309848[10.17 197 69/42 
9:9592618 10.0407 382 10 1310998[10.1718;81|41 
9:9595155,19-0424545} [10.1312 14911017 1699440 
9.9597693 10.0402307| [10.1313300[10.1715607[39 
.9.9600230[10.03997 70] 10. 131445210. 1714222038 
9.960276 10. 03972330 10. 1315010. 1712837537 
9.9605 305 10. 0394695 10. 131675810. 17114536 
22284210 0392158 r 35 
9.9610378[10.0389622] [10.1319066{10.170868$ 34 
9-9612915 10. 387085 [101320221[10-17073061z3 

9.961545 2.10.03 84548 [10-1321377 10. 17059252 

961798810. 03 82012 10. 1322534010. 1704546031 

9.9620525[19.9379475] [10-1323691[10-1703167|30 
Tang. N Secan C. * 


47 Degrees. 


— — 


—— 


Le and bÞ ecants. 


— 


222022 
21 A 


| S1ne. 


708276833 867359 
9.298212 9.867 5151 
320.8299589. 8673992 
33 9.8300966 
34 9.83023429.367 1673 
3583532 
9.8305091/9.8669351 
19.8306464/9.8668189 
9.8307837 9.866702 

399. 83092099. 8665 863 
40. 83105809. 8664699 
41.83 119599.8663534 
4209.83 13320 8662369 
430.83 14688 9.866 1203 
440. 83160569. 8 660030 

4831742309 8658868 


465.8318789.8657 705 

79.8320155.8656 531 
489.83 2151909. 
499.83 228830. 
509.8324240. 
5119.53 2560909. 
5219-83269 7©19- 
53p- 832833109. 
8329091 
5 z.833105019-264 
5619.83 32498 
5719-83337 6019. 
589.8335122. 


8672833 


9.8670512 


42 Degrees: 


Tang 


9.9620525 
9-96230061 
9-9625597 
9.9628133 
9. 963 2669 


I 


140.0376939 
10.374403 
10.037186 


10.036933 1 


9.963320 


10.0366796 


(9 967 9671225 


. [9-9691493 
9.96y6559J10 


9-9635740 


9.964841 0 
9.965095! 
9.965346 
9.965622C 
99658555 
9.966108% 
9. 9663623 
9.9666157 
9.9668692 


9-90 5673755 3 759 
5567862 
9 9681360 
9-9683893 
9.968642 
9.968896 


9.969402 


9.96382750.0361725 
9.96408 10.03 59189 
9.9643 346110.035665 

9.964588 10.314119 


10.341445 


10.03 64260 


10.037947 5 


10-0351584 
10.349049 
140.0346514 
to. 0343980 


to. 9335912 


10.0336 jy 
100333843 
10.033130 


[0.03 28775 
15. 0326241 

10.932370 
10.0321173 
10.03 1864 
10.0316 107 


10.0313573 
lo. oʒ i ioo 
10.030850) 
100305974 
10 = 


| 


[Secant. 


10.1323691 
10 1324849 
10.132600 
10.132716 
10.132832) 


10.13 30649 
10 1331811 
10.1332974 
10.1334t37 
10.1335301 


E 
(0.170316; 30 
10.1 75d 2 


10.1356466 
I0.1337631 
10.133879 
10.1339964 


10.134230. 
10.134345 
10.134468 30 
10.134385 

10.134975 
10.134815 
10.1349323 
10 13 50 49. 
10. 1351665 
10.138284. 


10. 1354019 
10.135194 
10.135637 
10.135754 
—3 25 


— 


1 Lag 


10.1341132 


I|- 


DO" 


10.1700411 


[0,1699034|27 


10.1697658[26] 


10.1329488f10. 1666283023 


10. 169490924 
101693530023 
10. 1692163022 
10. 1690791021 
10. 1689420020 


o. 1688050 
1. 1686680 
180.1685312 
10.1683944 
lo 1682577 


10.1681211 


10. 1679845013 


10. 1678481 
10.167711) 


10.162537 24 


10. 1674391 
10.167 3030 
10. 1671669 
10.167030 
10.168930 5 
10.1669 59 
10. 166623 
10. 1664878 
109.1663522 
10.166216) 


yecant. 


= io LT. 


©, 4+ cO\S 


a. 


47 Dexreer. 


Q 2 


— 


— — — . 


— — w— : ———ñꝝ—f 


| Noi 9.864125 


— 


A Table of Artificial Sines, 


1 Sine. | | 


9.960655y 
9:96999291 
9.9701 624 
99704157 
9.970689 


109.533918809. 8640096 
29.83403419.8638917 
39.8341894.8637737 
49-8343 24609. 8656557 

9.8344979.863 5375 
6 9-83459499-8634194 

79 83472979.863 3011 

$9 8348647 9.863 1828 

| 919-834999419-8630644 
109.835 13419. 8629460! 

1109.83 5268809. a 

129.8354033 9. 8627088 

39.835837 


9.9714286 
9.9716818 
9-9719359 
3-9 721882 
9-97 24413 
1.97 26945 
99729477 
9.9 732008 
92389 
99737071 
9 97 39622 
9.974133 
9.974466 
922495 
99749726 
99752237 
9 9754787 
9-9757318 
99759849 


9.9762379 
9.9764929 


9.8625922 
5672219.5624714 
9.8623526 
19-5622338] 
9.8621148 
98619958 
9.8618767 
9.8617576 
9.8616383 
79.861519 
9.861399) 
9.861280 

9.861160 

2619-$37279119-561041 - 
9.8374125 9-8629215 
+819-8375458[9.860801$] 
209.8376) 9o0[9-8606821 
9.537812219:8605622 


— — 


— 


99769970 
9.977250 


59709221 
9971175410. 0288240 


9.976744 


43 Degrees. 
Tang. 


10.303441 
io. ozoogoꝗ 
10.029836 
10. 295843 
10-0293311 | 
10.0290779 


100285714 
10.0283 182 
10. 02806 50 
10.021818 
10.027 5587 
[0.027 3055 
(0,0270523 
1 0.0267 992] 


1Secant. 


10.0262yZ9 
10.0262395 
(0.02 57867 
10.0235336 
10.025280 


I0.0250414 
10,9247 743 
100245213 
10 0242682 
10.024015 
1 


to. oa 30030 


100.0232560 
10.022770 


1 


| Lang: | 


[101380042 


10 0235091] 


10.1 358725 
10. 1359904 
10.1361083 
10. 1362263 


10. 1363443 


— 


10.166216 
104660812 


1.16594 59 
10. 1658108 


10.16567 54 


— 364624 
— 365806 


10. 136698910. 1652703 
10.136S172110.1651554 
10 136935610. 16500 
10.137054 10. 1648659 


10.155403 
10.165405. 


10.137291 


10.137 5256 


110-13 76474 
10.1377662 


10.1378852 


10.1381233 
10.138242 

10.138361) 
10. 1384810 
10.13 86003 
10.138719) 
10. 1388392 


10.1371726ʃ19.1647312 
101645967 
10. 1374098010. 1644622 


10. 1643278 
101641934 
10 1640592 
10. 1639250 
10. 1637909 
10. 1636569 


10.163 524y 


10..633891 


10.1632553 
10 1631216 


101629879]; 


10.1628544 
10.1627209 


[10.138g588 
107390785 
100.1391982 


[10.1 393179! 


10.1394378 


= Secant. 


101623875 


10. 16245420 


10162321 
190.1621878 
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59 
58 
57 
50 
55 
54 
53 
52 
5¹ 
50 
49 
45 
47 
46 


. 


* 9 


—— — — 


22 58605622 


31) 8603223 
2]2.5652022 
3.8600821 


9. 8604423 


9.859969 


41 
4209.839404! 
438395363 
45.898894 


8399323 
9.8400642 
9.8401959 
99.8403 276 
509.8404593 


19.8598416 
29.8597213 
9.85960 


9. 8594804 
9.859399 
9.8592393 
98591186 
9.8589978 
9.8588770 
9.858756, 
9.8556351 
9.8585141 


9.8583929 
98582718 
9.8581505 


9. 8405908 
9.8407223 
535˙848537 
549.8409850 

55 S411 162 


5758413785 
58.841595 
59 84164⁰4 
659.8417713 


| 2 


8412474 


9.857056 


9.85 8029 

165757 
9.8577863 
98576648 
9.857432 
8574215 
9.85 72998 
9.871779 


9.8569341 


dine. 


8 


Tangente, and Secautis. 


— — | 


43 Degrees. 


—_ 


10-162187 

10. 1620547 
190.1619217 
10. 1617888 
i0.1616559 
10.1615231 
[0,161 3904 
[0.161257d 
[(0.1611253 
40. 1699928 
10. 1608604 


0. 1607281 


193.1605959 
10.160463 
10 1603316 
10 1601996 


i 0.160567 7 


10,15993 58/13. 


10.159S041 
10. 1596724 
10.1595407 
1891594092 
101592777 
140.1591463 
10. 1590150 


S 
29 
28 
27 
26 . 
25 
4 
23 
22 
21 
20 
19 
18 
17 
16 
5 
14 
12 


11 
10 

2 
8 
7 
6 


„„ 


10.158883 

10.1587 526 
10. 1586215 
40. 1584905 


10.158359 
10. 1582287 


Tang, Secant. 
5772750427705 10.1394378 
9-977 503c[10.0224970,; 101395377 
9777560 10.022244 10.139677 
9.97 80% eto. o2 19910 110.1397978 
9.978262 10. 0217389 10. 1399179 
9*85149|10.0214851! 10. 1400381 
9787679 ̃0. 02123211 9.149158; 
97 9022g9[10.0209791 - 1402787 
979273810. 0202762] 8.140399 
9795268 10. 0204732 10. 1405290 
9.9797 797110.02022034 4486421 
9.9850326 100199674 0.140763 
9.980 285610.0197 144 [101408814 
9.980538 to. 0194615 [to. 141002. 
9.9807 914|0.0192086] to. 1411230 
9.9810443|10-018955 7] 9.141243. 
9 981297 2[10.0187025] to. 1413645 
9.9$15z50:[19,0184499] [10-1414855 
9.981803c|10.0181970] [10.1416071 
9.98205 54 {10.01 79441] 10.142282 
9.9823087[10.0176913} [10.1415495 
9.98256164\10-01 74384] 10. 1419708 
9-9823145]10-017 1855] [10.1420922 
9.983067 310.0169327 flo 142213; 
9.9833202[10.0166798] [10.1423352 
9-983573910.0164270] 10. 1424568 
9.9838259 10. 0161741 101425785 
9.98407 870.0159213 flo. 1427002 
9.98433 1510.01 56685 10. 1428221 
9.9845 10. 0154156 10. 1429439 
9.98483 7209 0151628] 10.143065, 
Tang. 


J. 
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3 
2 


©. 


46 Degrees. 


N = 
_—_— 


- 
ä 


0 


I Table of Artificial Sines, 


44 Degrees. 


* 


MI Sine. 


909.8417713 


— — — 


9.8569341 


2 Fang. | 


9 9848372 10.015 1628 


109.8419021 
209 842032809 


8421634 
4,9-3422939 
112.8424244 


9.8568121 
8566900 
9. 08365678) 
9.8564455| 5 
9. 8563232 


 619.8425548 
79 8426851 


89 8428154 


909.8429456 
109.8430777 
119.8432057 
129.8433356 


11399. 64865 


149.8435953 


199.8442432 


9-355996 


9. 8562008 
9.856084 
9-8559558, 
9.85 58332 

9.8557106 
98555878 
9.85 546 50 
9.9553421 
9.8552192 


9. 5549730}. 
9.8543495 


2009. $4457 259.8544795 


9 8547266 
9.85 46035 


19.8541093 


4 9.8543 564 


9.8542329 


9.8539556 
9.8538619 


855 


9.8537381 
9853614. 
1 $5 34992 
9-$533662 


Sine. 


99850900 
9. 9853420 
9. 93559 


9-985 iy 


19.91491009 


10.1440 
10.914151 
9.986101 10.012898 
9. 986354 70.81 36465 
9 9866263 [00133932 
:9.9368596[10,013 142 
9.9871123110,9128877 
9-9873551[10.0126389 


9.937 6179105123821 
9.9878 70610. 012129 
9. 9$81234{10.0118766 
'9.9833761119.0116239 
9.9886289|15.01137 11 


9 5888816 1.0111 tät, 
ly 98913440 0.0 108656 
9.989387 1][0.0106129 
9.98963 99 to. 0 103601 
9. 9898926 10.101074 


9.991453 155598547 
9.9903981fto. 8519 
9 9906509110 0093492! 
99999035, 19.0290965 
9 9911562 10. 10.088435| 
9.991459 10.008591 7 
5 9916616 10 0083384 
9. 991914310. 080857 
9992 1670 10,007 8330 
9.992419 19.227 5boz 


o. 0146572 


. 10.453987 


101456436 


Secant. 
LO, 143065y 10.1 582287|6: 


1:0-1431879[10.15809;5 


10.1433100[L0.157 *. 
10. 1434322 Dan 


10. 143 5545/10. 1577061 
10.1436768[10-15757 56 


[0.143799 2119-1574452) 
110-14392161]10-1573149 


10.1442894{10-156924; 


10.1444122{10-1567943 
10. 14453 500.1566 
10.144657 910.1565345 
lo. 144785810. 1564047 
10.144993910- 1562750 
10. 1450270 10 1501453 
10.1451 50100. 156015843 
10 1452734ʃ10.15 58863 
10. 15575651 


10-1455201 


10.455498. 
10.1457 671 
10.1458997 
10. 1469144 
10. 1461381 


10. 1151109 
10. 1549819 
10. 146261910. 15485 30 
10. 146385 810.1547242 
10.146509 810.1545955 
10.146633 8010.154460 
[0-1467579]10.1543352 


Secant |: 


Tang. 


10.156275 


10.15536900;8 
10 1338399137 


45 Degrees. 


Tangente, and Secants. 


44 Degrees. 


\#S * 


| 36 

3779 
39 
42 
4 4764 
42 


56 
57 


Sine. 
98456618 


9.8457 903 
96477788 
133 4 $46-471 
349.8461754 
239.8463036 
9. 9.84543 18 18 
a 8465599 
8466879 
8468158 
948469436; 
49.851872ʃ 
9.847199 
439.8473267 9.851622 
449. 8474543 9.85 1496 
459.847 581719.8513717, 
46'9.847 709119.8512465 
+719- 84783 659.8511211 
45 9 8479637 
199. 84809 29 
Y. 84821 8009. 9.8557446 446 
5119, $483450(9.850 9556190 
5219. 8484720 
539.8485989 
749.8487257 
35 84 8488524 
98489791, 9. 349885) 
9.549105) 
506 8492322 
99.849338 
29.84948809.8494870 


| 


28832421 
9.853119 
9.8529936 

9.852869; 
9.8527449 
9. 8526204 
9-5524959 
y. 8523713 


9.852246 
9.8521218 


9.819970 


9.8517471 


14 8509957 
9.850870 


9-3504933 
9.85036; 5 
9. 8502417 
9 9.85011 57] 


9. 849863 7 
9.8497375 
Ma 8496113 


| 


l Sine. 


Tang. 
999924197 10.007 5803 
5 -9926724110.007 3476 
9.9929251 10.0070749 
9. 99317 78110. 0068222. 
9.9934305[12-0065695 
9 9 9936532110 10. 0063168 168 


99939359; 10- 10.0060641| 
9:9941886|10.0058114, 


9-9944413|10.0055587 
9 9946940, 10-0053060 
99249466 19.0334 


'9 995 99 51993 195048007, 
9. 9954 o 5045480 
9: 995764710. 042953 
9. 99595 73 19-097 240427 
9. 9.9962100,19.903 7900 


'9.996 9964627 10.035373 
9.9967 154/10. 0032846 
9. 9969680010. 00303 20 
9.997220 0.027793 
9. 99747 4734 10.2025266 
9. 997 7265 10.002 2740 
9.997978 7/0. 9020213 
9.99823 14ſt0 0017686 
9.99 8484010. 0015160 
9.998737 fU8 | 
9-9989893 
9.9992420 
9-999494.7 


9-9997473 
Loo 


r 


10. 0010107 
10.0007 580 
[0.0005053 
[0.000252 7 
{ 0.0000209 


Tang. 


10.0012633| 


[Secant. . 


0 14777900. 432825 
10. 14688 210.1542097 29 
0. 147006410 154081208 
10. 147130710. 153952927 
1014725510. . 1 
10. 147 3796110-1536964,25 
10.1475041 10-1535682/24 
10.147628; 10.1 53440123 
*0-1477534[10.1533 121/22 
10.147 868210. 153184421 
10.148003o[10 1530564/20 
10.1481279 (0.1529286/19 
10.1482529]10.1 5280098, 
10. 148378010. 1526733 | 
19.14$5031[19.1525457 
19.1486283[10.152418z' 
19.1487535 
10.14887 89 
10. 1490043 
10.1491298 
10.1492554|iC 
10.149381to[10.1516550] 9 
10.1495067] 

10.1496325 
10.1497 583 
10.1498843 
10,1500103 
10.1501363 
10. 1502625 
10.150388 
10. 150515 


yecant. 


30 


— 
O 
— 
wn 
to 
S 
\S 
— 
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O 
— 
Wo 
2 
S 
\S 
+ 
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45 Degrees. 
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TAB L E of the A N G J 85 which every 
| *235 (or Point of the Compaſs) mateth with the 


ey Meridian. | 
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